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Because the fever of infection increases metabolic needs 


Tetracyn SF 


Brand of tetracycline 


is indicated + to combat the invading organism with TETRACYN, 
the newest and best-tolerated broad-spectrum antibiotic 
* to support the patient’s natural defenses with the 
vitamins essential for resistance and recovery 


with a single prescription. This concept, originated by Pfizer, 


results in) + maximum antibiotic blood levels! 
* superior clinical effectiveness” 


* superior toleration® 


Terramycint SF* is a similar combination; the average daily dose (1 Gm.) 
of Tetracyn or Terramycin supplies the needed amount of a special vitamin 
formula recommended by Pollack and Halpern‘ for nutritional therapy of 
patients under physiological stress. 


Supplied: TETRACYN SF, Capsules 250 mg.; Oral Suspension 
(fruit flavored) 125 mg./5 cc. teaspoonful. 
TERRAMYCIN SF, Capsules 250 mg. 
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Abdominal tenderness 


—vusually confined to the lower quad- 
rants and at times found only over the 
cecum—is the most frequently appearing 
physical manifestation of amebiasis.’ 





OHN’ gives a simple, quick method for identifying Endamoeba 

histolytica in the feces. A small amount of feces is first dis- 
persed in saline solution. If the feces are formed and amebic cysts 
are likely to be present, solution 1 is used (1 cc. liquefied phenol, 
0.6 ce. glacial acetic acid and 50 cc. distilled water). When feces 
are fluid and vegetative forms are suspected, solution 2 is substi- 
tuted (0.9 cc. liquefied phenol and 50 cc. distilled water). Two or 
three drops of the proper reagent are placed on the slide and a loop- 
ful of the feces-saline dispersion is added; a cover-glass is applied. 
The solutions afford a rapid means of differentiation by changing 
the refractive index of the cells. When the reagent for identifying 
cysts is used, chromatoid bodies in the cells stand out clearly as 
rods, bars or short spindle-shaped bodies. Solution 2 outlines details 
of the nuclear structure, vacuoles and ingested material in the 
trophozoites. 


@ For nondysenteric colonic amebiasis —MILIBIS® 


1 tablet 3 times a day for from 7 to 10 days is most commonly used 
and “has an efficiency of nearly 80 per cent.”*5 


@ For hepatic amebiasis —ARALEN® phosphate 


2 tablets daily for from 2 to 3 weeks—“because of the toxicity of 
emetine and because of the efficiency of chloroquine [Aralen], chloro- 
quine has taken the place of emetine as the drug of choice.”’3 


SUPPLIED: Milibis—tablets of 0.5 Gm. 
Aralen phosphate—tablets of 0.25 Gm. 
@ For complete amebiasis therapy and prophylaxis — 


MILIBIS with ARALEN comsinaTION TABLETS 
0.25 Gm. Milibis and 75 mg. Aralen phosphate. 


Vuiithtigt Stains we. NEW YORK 18, N. ¥. * WINDSOR, ONT. 


Milibis and Aralen, trademarks reg. U.S. Pat. Off., 
brand of glycobiarsol and chloroquine, respectively.- 


1. Martin, G. A., Garfinkel, B. T., Brooke, M. M., Weinstein, P. P., and 


Frye, W. W.: J.A.M.A., 151:1055, Mar. 28, 1953. 


2. Kohn, J.: Jour. Trop. Med., 53:212, Nov:, 1950. 
3. Information Please: GP, 4:91, Sept., 1951. 
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FIRST .. . and best! 


TODD INSECTICIDAL 
FOG APPLICATOR 
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Successfully Used for over 10 Years in Community Fly and Mosquito Programs 


Tifa was first in the field of fog applicators. 
Tests have proved it best in the field for 
space control around the community . . . on 


the dump, over pools, in suburbs, every- 


developed insecticides as well as the older 
types in a true, clean fog which spreads 
quickly and permeates the deepest crevices. 
This ability means a better insect control 


where insects swarm! program for your community. Put Tifa to 


work for you! 


This amazing machine discharges newly- 
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Produces penetrating fog, dry or wet as you wish. 
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PRODUCTS DIVISION Columbia & Halleck Streets, Brooklyn 31, N.Y. 
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for the control of insects 
by SPRAYING 


Proper atomization plus uniform distribution 
are the spray characteristics that make pre- 
cision-built TEEJET nozzles ideal for spray- 
ing of insecticides. Full range of interchange- 
able orifice tips provide capacities for every 
type of chemical and every method of appli- 
cation. Complete nozzle includes built-in 
strainer with monel metal screen. 


SPRAYING SYSTEMS CO. 
3234 RANDOLPH STREET o BELLWOOD, ILLINOIS 
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<PpRAYING 
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SPRAY “ NOZZLES 


* Interchangeable 
Orifice Tips 


MulTEEJET TIP 


For use with portable 
sprayers. Turret head in- 
dexes to four positions to 
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ent spray patterns. Can be 
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for handy shut-off control. 


WRITE FOR TEEJET BULLETIN NO. 5 
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Counterstaining thre cytoplasm it contrasting 
color to the stained nuclei to permit examina 
tion of tissue cells in their entirety has made 
this, group of stains important in histologi 
work and an important part of National’s com 


prehensive line of Biological Stains 





Eosin Y, Eosin B, Phloxine, Erythrosin, Aeid 








Fuchsin and Orange G are frequently used in 
combination with other nuclear stains. The 
wide range of colors available affords ample 


choice of contrasting colors 


Likewise in trichrome or one-st P aateibaeiite 
stains, there are multiple choices of cytoplas- 
mic and nuclear stains to accomplish sharp dif 
ferentiation. Cytoplasmic stains are also valu 
able as counterstains in demonstrating fungi. 


mucin, elastic fibers. reticulum or bacteria. 


For your convenience in ordering, we list the 
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grip steel sprayers are also available in smaller 
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SMITH E-Z KNAPSACK SPRAYER 
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snap ends, air-pressure 
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matic shut-off control; 
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One in case. 
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Extension Services. 


D. B. SMITH & COMPANY, 432 MAIN ST., 
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and malaria control— 
when dusting is being 
done. Duster is precision 
built, well balanced, very 
light to carry and. easy 
to operate. Superior in 
quality and performance. 


One in case. 
Shipping weight—12 lbs. 


UTICA 2, NEW YORK, U. S. A. 
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NOTICE TO CONTRIBUTORS 


The Journal welcomes papers which contribute to the purpose of the American 
Society of Tropical Medicine and Hygiene. This is the advancement of knowledge 
of tropical and subtropical medicine and hygiene through investigation, prevention, 
treatment and control of diseases and deficiencies. It draws upon medicine, biology, 
public health, nursing, engineering and allied fields of research and application. 


The American Journal of Tropical Medicine and Hygiene combines the Ameri- 
can Journal of Tropical Medicine and the Journal of the National Malaria Society 
and therefore has a special concern with the investigation, therapy and control of 
malaria in all parts of the world, as well as a broad interest in general parasitology 
and in arthropod borne diseases. 


Papers are ordinarily published in the order of reception, which will entail a 
certain delay in their appearance because of the contractual limitation on the 
number of journal pages available in any year. Accepted papers which raise no 
questions of scientific priority may however secure earlier publication if the author 
or the institution sponsoring the paper will pay the publication cost, an estimate 
of which the Editor will be glad to obtain from the publishers. Such a subvention 
will be used to purchase extra pages, in excess of the regular page allocation for 
any issue of the Journal. 


Authors are asked to cooperate by complying with certain standard practices in 
the preparation of their manuscripts in order to facilitate the editorial task: 


Papers should be written in English. 

Manuscripts should be typewritten using double or triple spacing on one side 
only of 81% x 11 inch paper, if available, and submitted in duplicate. 

Tables should be typed on separate sheets and be serially numbered. 

Figures and photographs should be enclosed separately and protected with 
cardboard to avoid creasing in the mails. Only glossy prints can be used. Line 
drawings and graphs should be submitted on white paper or tracing cloth, and 


not on cross section paper. Colored illustrations can only be reproduced at the 
expense of the author. 


References should be arranged in alphabetic order according to authorship, with 
the date following the author’s name, e.g.: 


Snyder, T., and Meleney, H., 1941. The excystation of Endamoeba_histo- 
lytica in bacteriologically sterile media, Am. J. Trop. Med. 21: 63-73. 


Citation in the text should be by author and date. 


Proprietary names of drugs or chemicals registered by commercial pharmaceu- 
tical firms may not be used in the text if there is a generic name available in the 
U.S. Pharmacopoeia, New and Nonofficial Remedies of the A.M.A., or the latest 
editions of standard medical dictionaries. In certain cases where the generic 
name is relatively unknown, the registered name may follow it in parentheses in 
the title, at the first citation in the text, and in the conclusions. 


All papers should end with a brief summary. 


Estimating costs of reprints. Where the cost of reprints must be known well in 
advance of publication in order to secure prior approval for their purchase, the 
Editor will be glad to furnish an estimate of the number of pages which the article 
will occupy in the Journal. 
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Animal Agents and 
Vectors of 
Human Disease 


By ERNEST CARROLL FAUST, M.A., Ph.D. 


The William Vincent Professor of Tropical Diseases and Hygiene and Head, Division 
of Parasitology, Department of Tropical Medicine and Public Health, 
The Tulane University of Louisiana, New Orleans 


ARASITISM constitutes one of the major phenomena of the living world, and 

therefore one of its most interesting and challenging subjects. A highly im- 

portant phase of parasitology is the broad area involving animal agents and 
vectors, and their relation to disease. Dr. Faust, internationally known for his work 
in this field, presents a full discussion of those parasites which produce human 
disease. The etiology, epidemiology, pathogenesis, symptomatology, diagnosis, 
treatment, and control of this group of infections are considered in detail. 


The presentation is intentionally not exhaustive, yet the volume is much more 
than an outline syllabus. In extensive, helpful tables in the introductory chapters, 
Dr. Faust tells where each parasite under discussion is found, its usual infective 
stage, portal of entry, primary and secondary sites, usual reservoir hosts (monkeys, 
dogs, rats, etc.), and other obligate hosts and vectors. Pathologic effects and 
clinical manifestations produced by animal agents of disease, how to diagnose them, 
the most satisfactory therapeutic procedures and methods of control, etc., are 
presented in a similar manner. Subsequent chapters give detailed information on 
each agent or vector as it is considered individually. 


Morphologic features of the organisms involved and the clinical aspects of the dis- 
eases which they produce, are elucidated by numerous helpful illustrations, many 
of which were made for this book. Ample references conclude each chapter. This 
important and timely work is designed for use by zoologists, epidemiologists, 
pathologists, practicing physicians, laboratory diagnosticians and public health 
workers. 


660 Pages. 216 Illustrations and 9 Plates, 1 in Color. 12 Tables. $9.75. 


(Published January, 1955) 
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JOURNAL OF 
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Official Organ of American Society 
of Parasitologists 


Medical Practice 


A medium for the publication of papers on 
Animal Parasites (Protozoa, Helminthes, Arthro- 
poda). 

It also publishes the program and abstracts 
for the annual meeting of the American Society The author proves that public re- 
of Parasitologists in a Supplement. lations in medicine is not ballyhoo 

Regular numbers appear in February, April, but a practical, sincere method of 
June, August, October and December. conduct. A new approach to old 


James E. Bryan 


Subscription price, $7.50 the year (Foreign, problems. 
$7.90). 


GEORGE R. LA RUE 293 pages $5.00 


Chairman, Editorial Committee 


The Williams & Wilkins Co. 
JOURNAL OF PARASITOLOGY 


U. S. Bureau of Animal Industry, Zool. Div., Mt. Royal and Guilford Aves. 
Beltsville, Maryland Baltimore 2, Maryland 
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APPLICATION FOR MEMBERSHIP 


To the Membership Committee: 
The following individual interested in tropical medicine and hygiene is proposed for active membership, 
(TYPE OR PRINT) 


Name 
(Last (First) 


Mailing Address: Street 

State ; ... Country 
Date of Birth Place 
Special Field of Interest ‘ 
Education: Institution (Graduate and Postgraduate) Degree 


Attach to the application a list of professional positions held, membership in scientific societies, and a list of 
major publications. 
*Proposed by: 


(1) 
(2) Ped Te A aan Signature of Applicant 


*Sponsorship by two active members is obligatory. 
Return this application to Dr. John E. Larsh, Jr., Secretary-Treasurer, School of Public Health, University of 
North Carolina, Chapel Hill, North Carolina, U. S. A, 

(Check for $8.00 (U.S. banks requested) must accompany this application.) 
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SMALLPOX VACCINE 





Control of smallpox in countries where the disease is still a men- 
ace has hitherto been complicated by the rapid deterioration of vaccine lymph. 
This difficulty can now be overcome with a new DRIED SMALLPOX VAC- 
CINE introduced by the Lister Institute—proved by extensive trials to have the 
following great advantages over ordinary lymphs 





STABILITY Dried Smallpox Vaccine can be expected to retain 
» 4 4 


its potency for much longer periods—approximately 











as follows: In tropical temperatures—at least 1 month; in temperate 
climates—at least 6 months; at ordinary refrigeration (10°C.)—at least 


2 years; below 0°C.—5 years 





. sinitan Of greater purity than ordinary vaccine lymph, 
PURITY 


Dried Vaccine produces typical vaccinial vesicles, 











but secondary reactions are usually less severe 





34 ‘ _ Resistance to heat and longer life of Dried Vaccine 
ECONOMY 


facilitate transport and maintenance of supplies. 











Elimination of wastage of time-expired lymphs effects a material economy 





: : The reconstituting fluid for the 25-dose ampoule 
SAFETY 











is issued in double-ended ampoules that eliminate 
syringes and reduce the risk of contamination during use in the field 
Issued in 25-dose and 100-dose ampoules. 


Technical data and prices on request. 


THE LISTER INSTITUTE OF PREVENTIVE MEDICINE 
ELSTREE HERTFORDSHIRE ENGLAND 
Cables: A.B.C. 6th edition, ENGLAND 
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( ERYTHROMYCIN, LILLY ) 


. rapidly controls dysentery symptoms; 
stools usually become negative in three to 
five days; lesions heal quickly. 


“Prompt symptomatic response to erythro- 
mycin occurred in seven of the acute and in 
twenty of the chronic cases [out of a total 
of 30 patients]. Three patients did not return 
for follow-up.” 


“Of particular interest was the rapid disap- 
pearance of the ulcerative lesions, as seen 
proctoscopically, in acute cases.” 
Steigmann, F., et al.: J. Lab. & Clin. Med., 
42:955, 1953. 


““Of the essentially ‘antibacterial’ antibiotics, 
according to our own observations, only 


ELI LILLY AND COMPANY - 


INDIANAPOLIS 6, 
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erythromycin appears to offer promise when 
used alone in drug-refractive amebiasis .. .”’ 


Anderson, H. H., et al.: Am. J. Trop. Med., 
3:254, 1954. 


DOSE: 
300 to 500 mg. every six hours for ten days. 


Children, 5 mg. per pound of body weight every six 
hours for ten days. 


SUPPLIED: 
Tablets ‘Ilotycin,’ Crystalline, 100 and 200 mg. 


‘Ilotycin,’ Ethyl Carbonate, Pediatric, 100 mg. per 
5-cc. teaspoonful. In 75-cc. bottles. 


Su ly 


QUALITY / RESEARCH / INTEGRITY 


INDIANA, U.S.A. 
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TEACHING AND RESEARCH IN PARASITOLOGY AND TROPICAL 
MEDICINE IN MEDICAL SCHOOLS OF THE UNITED 
STATES: A SURVEY AND A FELLOWSHIP PROGRAM! 


HENRY E. MELENEY anp WILLIAM W. FRYE 
School of Medicine, Louisiana State University, New Orleans 12, La. 


On September 28 and 29, 1951, in Washington, D. C., the Tropical Medicine 
Study Section? of the Division or Research Grants of the National Institutes of 
Health held a Conference on Research Needs in Tropical Medicine (Trop. Med. 
Study Sect. 1951). One reason for calling the conference was the paucity of re- 
quests for research grants which were being received by this Study Section. The 
Conference was divided for detailed discussion into five groups. One of these, 
under the chairmanship of Gilbert F. Otto, discussed Educational Needs and 
Facilities. One of the recommendations of this group was that a resurvey of the 
medical schools of the country should be made “to determine the nature and 
extent of the stimuli and opportunities in Tropical Medicine and Tropical Public 
Health.” In September, 1953, the Study Section requested us to make this survey. 

PREVIOUS SURVEYS 

Two previous surveys of the teaching of Parasitology and Tropical Medicine 
in the U. 8. medical schools have been made by one of us (H.E.M.). The first was 
in December, 1941, at the request of the Association of American Medical Col- 
leges, which had appointed a Committee to look into the situation in view of the 
needs of the Armed Forces for men trained in this field (Meleney, Lapham and 
Soule, 1943). In that survey, 20 per cent of the 76 schools reported no instruction 
in Parasitology, 14 per cent reported an indefinite number of hours of instruction, 
29 per cent reported less than 30 hours of instruction, and only 37 per cent 
reported 30 hours or more of instruction (Table 1). The Committee considered 
30 hours the minimum for presentation of the subject to medical students and 
60 hours the minimum for adequate instruction. The average number of hours of 
instruction for all schools was 26. For those reporting specific hours of instruction 
the average was 35. The situation with reference to the teaching of Tropical 
Medicine was even more unfavorable; only 26 per cent of the schools reported 
any required instruction in that subject, while 9 per cent offered elective work 
in it. It was ascertained that 71 per cent of the schools had teaching personnel 
with special training in Parasitology and 56 per cent with training in Tropical 
Medicine, and it appeared that in some schools more adequate instruction could 
have been given with the available personnel. 

Most of the medical schools which were deficient in teaching Parasitology and 
Tropical Medicine in 1941 assigned adequate time to these subjects during World 


1 Read in part at the meetings of the American Society of Parasitologists and the Ameri- 
can Society of Tropical Medicine and Hygiene, Memphis, Tennessee, November 3-6, 1954. 
2 Now officially known as the Parasitology and Tropical Medicine Study Section. 
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TABLE 1 
Hours of instruction in parasitology in U.S. Medical Schools, 1941, 1945 and 1954 


Number of schools Percentage of schools 
Number of hours 


1945 1945 


0 1 1 
Indefinite 11 6 
1-29 22 2 10 
30-60 22 2 48 
61+ 6 j ( 34 


Total 76 § 99 


War II. This was aided by the program for providing intramural and field train- 
ing to medical school instructors, which was sponsored by the Association of 
American Medical Colleges and supported financially by the John and Mary R. 
Markle Foundation. In this program 130 instructors from 53 U.S. schools were 
awarded fellowships to take short courses at the Army Medical School or Tulane 
University, or to spend four weeks in Central America, or both. The establish- 
ment of a distributing center for teaching specimens at the Army Medical 
School also facilitated teaching. 

In August, 1945, the second survey of the teaching of Parasitology and Tropi- 
cal Medicine was conducted (Meleney, Soule and Kostmayer, 1946). Of the 77 
U.S. medical schools at that time 72 reported the number of hours of instruction 
in Parasitology. Only one gave no instruction. Only 10 per cent of all the schools 
reported less than 30 hours of instruction, 48 per cent reported 30 to 60 hours, 
and 34 per cent reported over 60 hours (Table 1). The average number of hours 
of instruction in the 72 schools which gave specific information was 53, an average 
increase of 18 hours since 1941. The increase in instruction in Tropical Medicine 
in distinction from Parasitology was even more striking. Of the 58 four-year 
schools which reported the number of hours of instruction, only 5 per cent gave no 
instruction as compared with 74 per cent in 1941, only 3 per cent gave less than 
10 hours, 34 per cent gave 10 to 19 hours, 33 per cent gave 20 to 29 hours, and 
24 per cent gave 30 hours or more. The average number of hours of instruction 
reported was 24. 

The number of instructors in Parasitology in the 81 schools in the United 
States and Canada which furnished detailed information had increased from 155 
in 1941 to 206 in 1945, and the number of schools with no instructors in Para- 
sitology had decreased from 12 to 2. Instructors in Tropical Medicine had like- 
wise increased from 49 to 151. Eighty-three per cent of the schools stated that 
they expected to continue the teaching program in Parasitology and Tropical 
Medicine in the post-war period as it was conducted in 1945. 


1954 SURVEY 
In the present resurvey questionnaires were sent to the medical schools of the 
continental United States in May, 1954, and replies were received from all 81 
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schools. In the teaching of Parasitology (Table 1) only one school reported 
giving no instruction, 20 per cent gave less than 30 hours, 54 per cent gave 30 to 
60 hours and 24 per cent gave over 60 hours of instruction. The average number 
of hours devoted to Parasitology was 47 as compared with 53 in 1945. Of the 70 
schools from which information was furnished, 21 had increased the number of 
hours of instruction in Parasitology since 1945, 7 had provided the same number 
of hours and 42 (60 per cent) had decreased the number of hours. 

The total number of instructors participating in the teaching of Parasitology 
in U.S. medical schools as reported in the 1954 survey was 193. This is 25 per cent 
more than in 1941 when there were 155, and almost the same as in 1945 when 
there were 206 including those in Canadian schools. Of the present 193 teachers 
52 per cent hold a Ph.D. or Sc. D. degree, 34 per cent an M.D. degree and 14 per 
cent a lower degree. All except five schools listed the names of those participating 
in the instruction. Fifty-four per cent of the schools listed one or two instructors, 
34 per cent three or four, and 7 per cent five to seven. This enumeration, of 
course, does not give any information as to the qualifications of the instructors or 
the quality of the teaching. Some indication as to the plan of teaching, however, 
is furnished by the following data. 

Parasitology is listed as a separate course by 48 per cent of the schools. When 
given as a part of another course it is the responsibility of Microbiology in one- 
half of the schools, of Clinical Pathology in one-fourth and of a combination of 
departments in the other fourth. Parasitology is taught in the second year in 74 
per cent of the schools, in the first year in 6 per cent, in the third year in one 
school, and in two or three different years in the remainder. . 

As in the previous surveys, it was more difficult to obtain specific information 
concerning the teaching of Tropical Medicine as distinct from Parasitology. The 
survey in 1945 indicated that the subject had had a great boom during the war. In 
that survey the average number of teaching hours reported from the 58 four-year 
schools which furnished definite information was 24, fourteen schools providing 
30 hours or more, and one providing 100 hours. The present survey indicates that 
there has been a great decrease in teaching the subject either separately or as 
part of Internal Medicine. Only 30 per cent of the schools reported any specific 
hours devoted to required instruction in Tropical Medicine. One-half of these 
schools devote 2 to 8 hours to the subject, and only one, Tulane, devotes more 
than 24 hours, which was the average in 1945. Teaching is mostly by lecture and 
case presentation, and a few schools provide laboratory work. Seminars, ward 
work and clinical-pathological conferences were each reported by one school. 
The instruction is usually given in the third or fourth year or both, though several 
schools combine it with Parasitology in the second year. Nineteen per cent of the 
four-year schools reported that they give no instruction in Tropical Medicine. In 
12 per cent it is given as a separate course. In the 49 schools where it is taught as 
a part of another course, the Department of Medicine is responsible for it alone 
in 40 per cent, and shares it with another department in 22 per cent more. Para- 
sitology is responsible for it in 16 per cent. 


Only 37 of the 73 four-year schools listed the names of persons participating in 
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the teaching of Tropical Medicine. Among these 37 schools, 51 per cent listed one 
instructor, 27 per cent listed 2, 11 per cent listed 3, and the remainder listed 4 to 
7. The total number of instructors listed was 63, as compared with 151 in 1945. 
Of these 63 instructors 78 per cent hold an M.D. degree and 22 per cent hold a 
Ph.D. or Sc.D. degree. 

Five schools mentioned elective work in Parasitology or Tropical Medicine. 
The University of California in Los Angeles reported a proposed course of 18 
lectures in the fourth year. The College of Medical Evangelists has a 6-weeks 
trip to Mexico during summer vacation. Harvard offers 4 electives in Tropical 
Public Health in the fourth year. Ohio State offers 10 lectures in the fourth year. 
New York University occasionally arranges for interested students to spend an 
elective period of 2 or 3 months in Latin America during the third or fourth year. 


RESEARCH AND FELLOWSHIPS 

The second part of the 1954 survey was concerned with research and fellow- 
ships in Parasitology and Tropical Medicine. Forty of the 81 schools reported 
106 projects being conducted in one or both of these fields. Most of the 40 
schools reported one, two or three projects; one reported as many as ten. In 
addition, two persons who completed the questionnaire, and who teach medical 
students but are on the staffs of related schools in public health, reported that all 
the research in these fields is conducted in the school of public health, but did not 
list the projects. Of the 106 projects listed by the forty schools, the titles of 86 
indicate that they may be classified as Parasitology, the other 20 as Tropical 
Medicine. 

The questionnaire asked for information as to fellowships for research or study 
abroad held during the past five years. Ten schools each listed one such fellow- 
ship, one listed two and one listed “‘more than three’’. Four schools each reported 
one failure to obtain a research, study or travel grant in Parasitology or Tropical 
Medicine during the past five years; one school reported two such failures and 
one reported three. 


NEEDS EXPRESSED BY MEDICAL SCHOOLS 

In response to the request for comments on needs or desires in the field of 
Parasitology and Tropical Medicine, 13 schools made no comment, 21 schools 
commented on the teaching but expressed no needs, and 46 (57 per cent) ex- 
pressed one or several needs in improving this activity. Funds were the common- 
est need: 19 schools needing funds for personnel, 10 for equipment, 8 for teaching 
materials, 7 for fellowships for graduate students or staff, 6 for field experience in 
the tropics, 4 for research, one for ‘building up our relations with the Pacific area 
and Mexico, preferably through exchange fellowships’. One respondent felt that 
“one of the major problems in this whole field is to provide suitable positions for 
able young men who wish to specialize in this field.” 


NEED FOR OPPORTUNITIES TO STUDY IN TROPICS 


The second recommendation of Dr. Otto’s group in the N.I.H. Conference on 
Research Needs in Tropical Medicine was that “opportunities are needed for both 
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students and faculty to work in the tropics or in those institutions within the 
United States in which experimental studies are in progress’”’ (Trop. Med. Study 
Sect. 1951). Among the needs expressed in answer to the questionnaire in the 
1954 survey, only six schools included the need for opportunities to study in the 
tropics. That this did not reflect the degree of individual interest in such oppor- 
tunities is shown in the following section of this report. 


SURVEY OF TEACHERS OF PARASITOLOGY 


In order to ascertain more accurately the qualifications and experience of the 
persons who are teaching Parasitology, and the amount of interest among these 
persons in obtaining practical experience in a tropical area, a questionnaire was 
sent in December 1954 to the 174 teachers of Parasitology listed in the 1954 
survey. Replies were received from 120 in 66 medical schools. Information sup- 
plied by 6 of these was insufficient for analysis. The qualifications of the remain- 
ing 114 may be summarized as follows: 


Professor. ........ 
Associate Professor 


Assistant Professor 
Instructor . 


Practical experience in Parasitology: 
Civilian, in U. 8S. A. only 
in tropics only 
in U. 8. A. and tropics 


Military, in U. 8. A. only 
in tropics only 
in U.S. A. and tropics 


No practical experience in Parasitology 
No practical experience in tropics 
Research performed in Parasitology 


It is of interest in this summary that 46 per cent of the teachers hold a degree 
(Ph.D. or Sc.D.) in Parasitology and that 58 per cent have performed research in 
Parasitology, indicating that about half of the medical schools have provided 
themselves with qualified teachers in this subject. It is also evident, however, 
that there is need for more training in the subject, since 17 per cent of these 


3 Teachers holding a Ph.D. or an Sc.D. degree in addition to an M.D. degree are included 
only among the M.D.’s. 
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teachers have had no academic training in it, 13 per cent have had no practical 
experience in it and 54 per cent have had no experience in the tropics. 

In response to the inquiry as to interest in obtaining a two-months fellowship to 
obtain practical experience in Tropical Medicine and Parasitology in Latin Amer- 
ica, 77 (64 per cent) of those who replied, representing 70 per cent of the medical 
schools, expressed a desire for such a fellowship. This group differed from those 
who did not desire such a fellowship in that about twice the proportion hold a 
degree in Parasitology, less than half the proportion have the rank of Professor, 
and a larger proportion have had no practical experience in the tropics. These 
responses indicated a high degree of interest in this type of fellowship. 

A preliminary visit to Central America by one of us (W.W.F.) with Dr. Willard 
H. Wright and Dr. Kenneth Endicott of the National Institutes of Health ascer- 
tained that the San Juan de Dios Hospital at San José, Costa Rica, offered the 
best opportunity in that region to see a great variety of parasitic and othe tropi- 
cal diseases, to perform laboratory examinations and to collect teaching speci- 
mens. That hospital, under the direction of Dr. Antonio Pefia Chavarria, had 
been the most favored center for such experience in the fellowship program con- 
ducted during World War II, and Dr. Pefia offered to cooperate again if a similar 
program could be inaugurated. A visit to Puerto Rico by the same group with the 
addition of Dr. Marty Cummins of the Veterans Administration resulted in an 
offer from Dr. E. Harold Hinman, Dean of the School of Medicine of the Univer- 
sity of Puerto Rico, to participate in the program, accepting fellows who could 
benefit more by academic direction in their observations. In both of these situa- 
tions promise of cooperation was obtained from public health departments and 
other agencies having facilities for the diagnosis, treatment and control of para- 
sitic and other tropical diseases. 

The Parasitology and Tropical Medicine Study Section of the Division of Re- 
search Grants of the National Institutes of Health, at its meeting on January 6, 
1955, approved in principle the establishment of a fellowship program along the 
lines outlined above, to be administered by Louisiana State University. A detailed 
program and budget were drawn up and presented to the National Advisory 
Health Council at its meeting on February 25-26, 1955. It was favorably re- 
ceived and recommended for support by federal funds, but none were available 
for the immediate future. 

Meanwhile the China Medical Board of New York, which established the 
Peking Union Medical College and supported it until it was taken over by the 
Chinese Communists, and whose interests are limited to the Far East and the 
United States, expressed an interest in this program because of its purpose to 
promote familiarity with exotic diseases. A formal application for support was 
approved by the Board at its meeting on April 4, 1955, and an appropriation of 
$80,000 was made to Louisiana State University to cover a two-year period. 

The first group of six fellows was assigned to Costa Rica for the period July— 
August 1955, and it is anticipated that provision will be made for four fellowship 
periods each year, with an interval of one month between periods. The list of can- 
didates will be increased by soliciting applications from persons who were listed 
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in the 1954 survey of medical schools as teachers of Tropical Medicine, but not as 
teachers of Parasitology. 

It will be noted that this study of the teaching of Parasitology and Tropical 
Medicine, and the resulting fellowship program, are limited to medical schools. 
It was recognized by the Conference in 1951, mentioned at the beginning of this 
report, that there is a need for more opportunities for faculty members and grad- 
uate students in other types of institutions to gain experience in the tropics, and 
also a need for more fellowships for graduate students to obtain degrees in Para- 
sitology. It is hoped that the present program may provide a stimulus for the 
development of such opportunities. 


SUMMARY 


The trend in the teaching of Parasitology and Tropical Medicine in the medical 
schools of the continental United States is described from the results of surveys 
made in 1941, 1945 and 1954. The 1954 survey was made at the request of the 
Parasitology and Tropical Medicine Study Section of the National Institutes of 
Health. Since World War II there has been only a slight decline in the average 
number of hours devoted to Parasitology, but Tropical Medicine as a distinct 
subject has nearly disappeared from the medical curriculum. The 1954 survey was 
followed by a questionnaire sent to all persons listed as teachers of Parasitology 
in the medical schools, in order to determine their qualifications and experience, 
and their interest in obtaining a fellowship to gain practical experience in the 
American Tropics. Sixty-four per cent of the 120 perscus who replied expressed 
an interest in such a fellowship. 

The China Medical Board of New York has made a grant to Louisiana State 
University to conduct a program of fellowships for a two year period. The first 
group of six fellows was assigned to Costa Ricafor the months of July and August 
1955. It is planned to offer four similar fellowship periods each year. Teachers of 
Tropical Medicine who are not included among the teachers of parasitology will 
be included in the program. 
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THE CONTRIBUTION OF MEDICAL GEOGRAPHY TO THE ETIOLOGY 
OF DISEASE! 


JACQUES M. MAY 


Department of Medical Geography, American Geographical Society 


Having to discuss before you the contribution of medical geography to the 
etiology of disease, it behooves me to start with a definition of geography, 
followed by one of pathology. If I succeed in doing so in adequate fashion the 
contribution of one to the other will be made obvious, and obviousness is the 
often unattainable goal of any demonstration. 

“Geography is not just the study of landforms, it is also the study of the 
factors that have fostered these landforms, the climates and soils connected with 
them, the plants that live on the soil, the animals that live on the plants, and the 
societies of men who have established themselves on these landmasses, in these 
climates, and who live in commensality with these plants and animals.” 

If this is a fair definition of geography, it then encompasses a good half of the 
factors that affect the occurrence of disease, and also implies a study of their 
interrelationships. If now I try to define pathology and under what circum- 
stances it arises, we shall be possessed of the two halves of the solution to the 
problem of finding the basic principles of epidemiology, as we have defined it.? 

Among the many definitions of pathology, the one I prefer is as follows: 
“Pathology is the alteration of living tissues which jeopardizes their survival.” 
The great advantage of this definition is that it bypasses the difficult problem of 
deciding what is normal, which is implied in the definition of pathology as a 
departure from the norm. We all know that there is no such thing as a normal 
man, but only an infinity of ranges and varieties; thus a definition based on the 
legitimate anthropomorphic bias of survivability seems to me the most useful one. 
Such a definition has other advantages. It takes into account the importance of 
the environment in the creation of pathology. Thus a count of 8 million red cells 
at high altitudes is not pathological. If it occurred at sea level it might rightly be 
considered so. The definition also takes care of the sociological context of pa- 
thology. For example, certain patterns of behavior would jeopardize the survival 
of the individual living in a small apartment on the East Side of Manhattan; they 
would not if they occurred in the more accepting atmosphere of the Chinese 
family. Furthermore, once the interrelatedness of the various tissues in one 
individual is understood, this definition takes into account the oneness of man 
and the solidarity of tissue reactions to an environmental stimulus. 

Having so defined geography and pathology for the student of epidemiology, 
and before showing him what contributions geography can make to the under- 


1 Address given to the conference of Professors of Preventive Medicine, Institute on the 
Teaching of Epidemiology to Medical Students, Buffalo, New York, October 9, 1954. 

2 “Epidemiology is the study of all factors and their inter-relationships which affect the 
occurrence and course of health and disease in a population.’’ (The Colorado Conference 
Report.) 


776 





MEDICAL GEOGRAPHY AND THE ETIOLOGY OF DISEASE 777 


standing of pathology, let us define further under what circumstances pathology 
arises. Pathology cannot arise without the convergence at a certain point in time 
and space of two orders of factors: first, factors that take the form of an en- 
vironmental stimulus; second, factors that condition the response of the tissues. 
The factors in the second category can in turn be listed under two headings: (a) 
those that arise from past experiences stored up in the tissue ever since the first 
cell of the individual was created—what we might call “acquired” or pheno- 
typical”’ characteristics of the individual, and (b) those that governed the creation 
of the first cell of the tissues from whence they have developed—the “geno- 
typical” factors that exist both in individuals and in populations. Thus we have 
fisted in all, three orders of factors: environmental, phenotypical, and geno- 
typical. Before we analyze briefly the relationship between geography and these 
three orders of factors, let us bear in mind that epidemiology concerns itself more 
with the population aspect of pathology than with the individual aspect; let us 
therefore remind our students that we speak in terms of populations but not in 
terms of “‘races”. If we want to keep the word “race” in our vocabulary, it must 
be understood to be geographically and not genetically defined. In other words, 
we are interested in the genetic characteristics of people who live in this or that 
valley, in this or that district or village, more than in the genetic characteristics of 
the “white”, the “black” or the “yellow”. This aspect of ‘‘race” will become im- 
portant only when the day comes that we know exactly with what other im- 
portant physiological traits the color of the skin is linked, and this day is still 
very far off. Until we know more about these specific linkages, color has a limited 
meaning in epidemiology. 

Let us now see how geography, as defined at the beginning of this discussion, 
governs the three orders of factors that combine to create the object of our study, 
pathology of populations. 

The environmental stimuli to pathology are, of course, the factors which in 
the etiology of disease are most obviously related to geography. Strangely enough, 
it is only very recently that their importance has been stressed in schools or even 
in centers of research. Furthermore, I am sorry to say that our knowledge of their 
obvious influence on disease factors is extremely limited in spite of its obvious- 
ness. . 

Let us discuss first inorganic factors, i.e., heat, humidity, cosmic rays, static 
electricity, luminosity, winds, magnetic fields, and many others as yet undis- 
covered. The balance sheet of our knowledge on this score is very short. We know 
a few things about the action of temperature and humidity on some vectors, 
reservoirs, and animal hosts, but little about their action on human hosts. An- 
thropologists have conscientiously measured our skulls and those of our fore- 
bears, but have not done as good a job of measuring functions in man, and func- 
tional variations under climatic circumstances. This study could be called 
physiological anthropology as opposed to physical anthropology, which represents 
only the study of man’s morphology. 

If we turn now to organic factors in the geographical environment, I think we 
should stress for the student the close relationship between the organic and the 





778 JACQUES M. MAY 


inorganic; show him the link that exists between heat, humidity, nature of the 
soil and of the winds, to mention only four; discuss plant societies that grow in 
certain macro- and microclimates which we call niches; show him the links be- 
tween these niches and animal societies, and then go on from animal to man. 
It is essential that the student be equipped with the basic holistic knowledge that 
will make him able to follow this chain of events from the microclimate, where 
disease factors get ready for assault, to the macroclimates in which populations 
are eventually attacked. It is essential that our teachings give him an inborn idea 
of what a society of living things is. Without this basic knowledge and intelligence, 
epidemiology is a limited branch of medicine indeed. Whether discussing plants 
or large animals, germs or man, societies are nothing but a pattern of mutual 
tolerance which emerges after the dynamics of mutual exclusion have been 
temporarily exhausted. I do not believe any epidemiological problem, any etio- 
logical question, can be understood, if this concept of society is not present in the 
student’s mind. Least explored of all is the “social” pattern of disease germs. 
This occurs in nature as well as in the internal environment of hosts and vectors. 
It plays an important role in the epidemiology of transmissible diseases. A plant 
society including Penicillium notatum will for a certain time at least not include 
Staphylococcus aureus and many others. 

As for the epidemiology of nontransmissible disease, the student should be 
made to understand that their etiology does not make sense if we do not under- 
stand the soils and the waters, their structure, their chemical composition, as 
providers of edible plants and edible animals, as suppliers of trace elements, as 
influential factors in housing, transportation, and communication—all of these 
bearing upon the occurrence of disease patterns. Thus we have briefly made a 
case for the contribution of the geographical environment to the first order of 
factors affecting the occurrence of disease. 

Let us now consider the second order of factors, those that are acquired by the 
tissue between the creation of the first cell and the time when the environmental 
stimulus arises. These factors, in part, govern the response to the stimuli and can 
be viewed as scars, representing the adjustment of the tissues to past environ- 
mental stimuli; the adjustments may have occurred with or without the knowl- 
edge of the individual of which the tissue is a part. After each such environ- 
mental assault the tissue is modified, for better or for worse—for better when 
protective antibodies are created, for worse when allergies arise. Further, condi- 
tions of stress create what Leibnitz called “cellular memories” and what, since 
Pavlov, we call ‘‘conditioned reflexes’’. All these are inscribed in the tissues and 
modify the reaction of these tissues to further stimuli. To our students, a patient 
or a population of patients should, among other things, be a “set of scars” linked 
to the geographical environment in which they have been inflicted. The simplest 
example I can give of this is that of the famous dairy maids who acquired scars, 
including one which prevented them from catching smallpox. Of course, we 
know too that if our “set of scars’ has drunk water containing fluorine, in 
appropriate amounts, he will be protected from dental caries, or if the dose has 
been too big, he might show bone deformities and so on. However, this field has 
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been little explored and we know very little about the importance of other scars, 
physiological and psychological (which is the same) that may explain the disease 
pattern which our student will recognize in a given population. The disease 
patterns will be strongly influenced by these scars. All have been acquired during 
the time the tissues and the individual were living in their environment and it 
would be well if we could teach the student what the map of disease is at a given 
place and how it is influenced by these sets of scars. It would be useful to instill 
in him some fundamental notion to equip him with a tool for that sort of investi- 
gation. 

If we now turn to the third group of factors that play a part in the etiology oi 
disease, we find that under the genetic category we can group the factors that 
have conditioned the first cell after the membrane of the ovum has closed behind 
the intruding spermatozoon. I am not a competent geneticist, and I do not want 
any of my students to feel as frustrated about it as I do. Thus I wish someone in 
my department would discuss with them the weighty chain of links which goes on 
vertically from the population under study to its ancestry. Our present day 
patient is suspended, like a hanged man on his rope, to the past environment of 
his ancestors. Our forefathers had a good clinical sense of this notion of terrain 
which governs the future of any pathological change that may start in the 
individual. They had made crude observations, which they interpreted in crude 
clinical language. There was the lymphatic terrain, the plethoric terrain, the 
arthritic terrain, and a few others, but none, unfortunately, backed by genetic 
studies. We have now the tools which they lacked to explore this constitutional 
field and it should be part of our curriculum to instruct our students to use them. 
Recent efforts to explore links between blood groups and disease susceptibilities 
are an example of what I mean. 

How many of our medical students, or even of our practising colleagues, 
realize that the future evolution and the outcome of the case they are treating, 
or of the epidemic they are concerned with, is partially governed by some genetic 
factors that reflect the adjustment of a long-dead ancestor to a long-dead climate 
and a long-outmoded diet. The geographical environment not only includes 
factors capable of inducing mutations but also determines who will be selected 
and who will be rejected. We are just beginning to be aware of the existence of 
certain mutogenic factors in the environment, all of them so far inorganic, such as 
heat, chemicals, radiation. But some, such as viruses or protozoa, may be organic, 
and they may be assumed to carry some genetic weight either directly or by 
modifying the cytoplasm whence genetic material draws its food. This field has 
as yet been little explored but it is reasonable to assume its fertility. Thus I be- 
lieve we can also make a case for studying the role of the environment in forging 
this vertical chain from which our individuals or populations are suspended. 

Such, very briefly outlined, is what the study of geography in its broadest sense, 
combined with the study of pathology, could teach us in understanding the 
etiology of disease. To me this concept is closely linked to the broad definition 
we have now given to the word epidemiology. 

Connected with this notion of the importance of phenotypic and genotypic 
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factors in the etiology of disease is, of course, the notion of threshold: the tissular 
response to environmental stimuli, which jeopardizes the survival of the tissues 
and of the individual, does not ovcur or at least is not measurable below a certain 
point. This point is established for each tissue in relation to the nature of the 
stimulus, its duration and intensity. It is also connected with the phenotypical 
traits we have described and with the genotypical characteristics of the host. It is 
quite possible, of course, that once our measuring instruments, expanding our 
senses, are made more sensitive, we shall detect newer thresholds of pathology 
for the same stimuli in the same individual. There also comes a point beyond 
which a certain environmental stimulus ceases to cause pathology but causes 
death. The ceiling, like the threshold, is governed by the characteristics of the 
stimulus, as well as the phentopypical and genotypical characteristics of the 
individual—all of them closely linked to the geographical environment, present 
or past. 

Last but not least in this discussion, let me say a few words about the changing 
map of disease. It is obvious to every epidemiologist, and should be clear to every 
physician, that disease patterns come and go. Both the dominant diseases and the 
pattern of prevalences in an area change. This is due to ecological variations 
either spontaneous (such as the filling of a delta by alluvial soil) or man made 
(for example, irrigation projects). Inorganic changes in the environment carry 
the organic ones; new societies of plants, animals, agents, vectors, and inter- 
mediate hosts arise which naturally carry with them new disease patterns. 

The human host also changes through gene mutations, natural selection 
choosing those endowed with favorable traits and extinguishing those not so 
favored by the mutant gene. Thus from both ends—emergence of a new set of 
stimuli as well as new genetically conditioned tissular response—the map of 
disease changes. 

In conclusion I would like to say that the field of epidemiology can not be 
made big enough. Epidemiology is etymologically the study of what happens to 
people. This vagueness is convenient. It allows us to include in our curriculum 
the teaching of more and more subjects that we deem relevant. Although I realize 
that this point of view may not be readily accepted by the various medical facul- 
ties, it is a worthwhile project of this Institute to suggest such modifications in 
the curriculum as this learned company may consider fit and timely in the teach- 
ing of epidemiology in order to broaden its scope and possibilities rather than to 
narrow them. 





INFECTIVITY TO MOSQUITOES OF PLASMODIUM FALCIPARUM 
AS RELATED TO GAMETOCYTE DENSITY AND 
DURATION OF INFECTION! 


GEOFFREY M. JEFFERY anv DON E. EYLES 


National Institutes of Health, National Microbiological Institute, Laboratory of 
Tropical Diseases, Columbia, South Carolina 


The long duration of Plasmodium falciparum infections in the human host has 
been reported for a South Carolina strain by Eyles and Young (1951) and for 
a Panama strain by Jeffery and Eyles (1954). In the first study it was found that 
in infections which are inadequately treated, or not treated at all, patent parasi- 
temia persisted for an average of 222 days, with the longest observed duration 
being 480 days. This work was confirmed in the Panama strain, where the average 
duration was about 280 days, with a maximum of 503 days. 

In order to support the epidemiological implications of these findings, the infec- 
tivity to mosquitoes of both strains as related to gametocyte level and stage of 
infection is presented in this report. 


MATERIALS AND METHODS 


The strains of P. falciparum used in this study included a South Carolina 
(Santee-Cooper) strain and a Panama strain. The patients studied were neuro- 
syphilitic Negroes, inoculated either by sporozoites or by the intravenous injec- 
tion of infected, citrated whole blood. The procedures followed in making para- 
sitological and clinical observations are those described previously (Jeffery and 
Eyles, 1954). 

Mosquitoes were fed on the patients at various times throughout the whole 
course of infection. Ordinarily mosquitoes were fed only on days when parasites 
were detected in the blood films or on a few ensuing days. Anopheles quadrimacu- 
latus (Q-1 strain) was used in cases of the South Carolina strain, while one of two 
strains of A. albimanus was used in cases of the Panama strain. The latter in- 
cluded a strain domesticated by Rozeboom (1936) from Panama, designated by 
us as the A-2 strain, and one domesticated from the Florida Keys by Burgess 
(1950), designated as the A-3 strain. Comparative susceptibility of these anophe- 
lines to the strains of P. falciparum used has been reported by Eyles and Young 
(1950) and Jeffery, Eyles, and Young (1950). 

The lots of mosquitoes usually contained about 100 specimens. After engorge- 
ment they were maintained in an insectary at 74~-78°F. and were dissected 
12 + 1 days after the blood meal. An average of 27.5 individuals per lot was dis- 
sected and the oocysts on the gut counted. The number of dissections generally 
corresponded to the level of infection; in low grade infections, larger numbers 


1These studies were carried out at the Milledgeville, Georgia, State Hospital. We express 
appreciation to the staff of the hospital for their cooperation and for furnishing laboratory 
facilities. 
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were dissected, while in very high grade infections, relatively fewer specimens 


were examined. 


RESULTS 


Mosquitoes were fed at all stages of the infection on 29 cases of South Carolina 
strain and 59 cases of Panama strain; a total of 1454 lots were fed. To provide 
information desired in unrelated experiments, more feedings were done during 


latter period when available and an effort was made to feed mosquitoes on the 
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Fig. 1. Infectivity to mosquitoes in relation to gametocyte densities of two strains of 
P. falciparum: proportion of lots and individuals infected. 
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TABLE 1 


Infectivity to mosquito lots and individuals of various gametocyte densities of two strains of 
P. falciparum: A. quadrimaculatus used with South Carolina strain and A. albimanus 
used with Panama strain 





South Carolina strain (29 cases) Panama strain (59 cases) 





Mosquito lots Individuals in inf. lots Mosquito lots Individuals in inf. lots 
Gametocytes 
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infections of long duration whenever parasites appeared and for a few subsequent 
days. In a few cases serial feedings were done regardless of presence or absence 
of parasites in the routine blood smears. 

The observations can be divided into (A) the relation of gametocyte densities 
to infectivity, (B) the relation of the length of patency to infectivity, and (C) 
the results of serial feedings on individual patients. 


A. Infectivity in relation to gametocyte densities 

Mosquitoes were fed on patients with gametocyte densities ranging from no 
detectable gametocytes to 68,400 per cmm. of blood. Figure 1 depicts graphically 
the proportion of lots and individuals infected at various gametocyte densities. 
Table 1 summarizes the infectivity of various gametocyte densities to mosquito 
lots and individuals. 

It would appear that the number of lots infected is in general directly propor- 
tional to the number of gametocytes present. In general the Panama strain is 
more infective to A. albimanus then the South Carolina strain is to A. quadri- 
maculatus. In the lower ranges (0-100 per cmm.) of gametocyte densities, the 
latter strain is more often infective than is the Panama strain. However, the 
Panama strain produces infections of much higher oocyst density when it does 
infect, at all gametocyte levels. 

It should be pointed out that there is a period early in the course of infection 
when gametocytes, though present in considerable numbers, will not infect 
mosquitoes. The appearance of gametocytes in the peripheral blood generally pre- 
cedes the infectivity to mosquitoes by two to four days. Gametocytes of both 
sexes generally become patent (densities of 10 per cmm. or more) on the tenth to 
fifteenth day of parasite patency. It is quite certain that the gametocytes present 
during this non-infective period are immature or otherwise incapable of causing 
mosquito infections, rather than being below a critical density for infecting. In 
a few cases gametocytes have increased to densities of well over 1000 per cmm. 
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during this non-infective period. On the other hand, on several occasions gameto- 
cytes have remained at very low levels (less than 100 per cmm.) during the non- 
infective period, with similar gametocyte densities causing infections after the 
usual two to four days of presence. 

A most interesting observation was the infectivity to mosquitoes of observed 
gametocyte densities of 0 to 100 per cmm. during the later stages of the infection. 
Although there were a number of failures in efforts to infect mosquitoes on these 
low densities, the number of successes was quite surprising, especially those en- 
countered when densities were less than 10 per cmm. Quite as notable was the 
number of failures encountered in lots fed when the gametocyte densities were 
between 100 and 1000 per cmm. Although in the higher ranges failures were com- 
paratively few, it is obvious that presumably adequate gametocyte densities do 
not invariably guarantee good mosquito infections. 


B. Infectivity in relation to length of patency 


Mosquitoes were fed during the whole course of the infection, but larger num- 
bers of lots were fed during the primary continuous parasitemias than during the 
terminal intermittent period. Table 2 summarizes the infectivity of the two 
strains to mosquitoes by 30-day periods through the infection. 

During the first 30 days of parasites, only feedings which were done after 
gametocytes first became infective are included. It will be noted that the highest 
rate of infection of lots occurred during the remainder of thr first 30 days. Subse- 
quently the proportion of lots infected decreased through day 150 in the Santee- 


Cooper strain and day 180 in the Panama. Following this, the proportion of lots 
infected was quite erratic, possibly due to the smaller number of lots fed. 


TABLE 2 


Infectivity of P. falciparum to lots of mosquitoes (A. quadrimaculatus and A. albimanus) 
at various periods of infection 
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TABLE 3 


Infectivity to mosquito lots and individuals during initial continuous and terminal intermittent 
parasitemias of two strains of P. falciparum 





Strain 





South Carolina | 





Period of Patency 





Initial Terminal | Initial | Terminal 








Mosquito lots 
Dissected si al atlas <<:cu 482 240 129 
Infected 309 88 44 
Per cent infected 68.4 36.7 ; 34.1 

Individuals in infected lots 
eee 10920 
Average per cent infected 50.8 12.8 | 
Average oocysts per infected gut 28.9 1.2 | 53.0 

















The primary parasitemias were continuous for an average of 121 days in the 
South Carolina strain and 116 days in the Panama strain. In Table 3 the infec- 
tivity to mosquitoes during the primary continuous parasitemias is compared to 
that during the terminal intermittent period. 

The proportion of lots infected during the initial continuous parasitemia period 
was very much higher than during the terminal intermittent period. The infec- 
tivity during the latter period was actually biased to a higher figure because feed- 
ings were generally done only when gametocytes were present. In most cases 
gametocytes were present in detectable levels less than half the time during the 
terminal period, while they were usually continually present during the initial 
continuous parasitemia. 

The comparative infectivity during the two periods is probably more accu- 
rately reflected by the levels of infection within the lots containing some infected 
mosquotoes. The average per cent infected and oocyst number in both strains 
were considerably higher during the initial continuous parasitemia than during 
the terminal intermittent. It will be noted that the relative decrease in infection 
rate and intensity from the primary to the terminal period was much greater in 
the South Carolina strain than in the Panama strain. This may be due in part to 
the fact that in the latter strain a relatively larger number of feedings were done 
at a time when infections were to be expected on the basis of relatively high 
gametocyte densities. In the South Carolina strain there were a number of serial 
feedings done during periods when gametocyte densities were very low, resulting 
in low infection rates and intensities in a larger number of cases. 

The previous paragraphs have related mosquito infection to gametocyte level 
and to stage or duration of the infection in man. It was noted that infections were 
of lesser intensity and more irregularly seen when gametocyte densities were low 
and when the infection had endured for a long time. A clearer comprehension of 
this relationship and its implications may perhaps be obtained from a considera- 
tion of Figure 2. 





GEOFFREY M. JEFFERY AND DON E. EYLES 





Sia 


* > TOTAL PARASITES 


| 
} 


-2--2- GameTocrTEes 
' 800 


*.—..— MEDIAN GAME TOCYTE! 
bg PER CHM 


PERCENT 


MEDIAN GAMETOCYTES PER CMM, 


a 











je) 
120 150 180 210 240 270 300 


DAY OF PATENCY 


Fia. 2. Per cent of patients with parasites and gametocytes and median gametocytes 
per cmm. of blood at 15-day intervals during the course of infections with two strains of 
P. falciparum. 


Figure 2 plots the proportion of individuals with patent parasites and gameto- 
cytes at 15-day intervals after the start of the infection. The same chart also 
plots the median gametocyte density in the patients showing gametocytes. For 
example, 210 days after infection about 32 per cent of the original group of pa- 
tients showed patent parasitemia. Fifteen per cent had gametocytes with a me- 
dian level of 20 per cmm. This would indicate that at this time, which corresponds 
to perhaps the minimum time between transmission seasons in temperate United 
States, about 15 per cent of our subjects are potential infectors of mosquitoes, 
about half of which we would expect to produce infection at low intensity level 
(see relationship of gametocyte density to lot and individual mosquito infection 
in Figure 1). Similar estimates can be made for any desired interval. 


C. Serial feedings on individual patients 


A number of serial feedings were done on infections with both strains, but the 
larger number of more complete series was done on the South Carolina strain in- 
fections. Figure 3 presents the results of fairly complete feedings during the initial 
and terminal parasitemias of five cases of the South Carolina strain, showing the 
relation of infectivity to mosquitoes to the asexual parasites and gametocytes. 

It can be seen that there is no very definite pattern of infectivity during the 
initial continuous parasitemias; in general the infectivity seems to follow the 
trend of gametocyte densities. On several occasions during the initial parasitemias 
presumably adequate gametocyte densities failed to cause mosquito infections. 

During the terminal intermittent parasitemias the infections in mosquitoes 
seemed to occur during and following the recurrent waves of gametocytes, which 
in turn were preceded by waves of asexual parasites. Infectivity during this 
period became progressively more sporadic as the infection became older. Al- 
though this figure is limited to 360 days, feedings were continued as long as day 
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427 in the South Carolina strain and day 482 in the Panama; the latest infectivity 
was seen at day 321 in the South Carolina and day 410 in the Panama strain. 


DISCUSSION 


It is apparent that the long enduring parasitemias of these two strains of P. 
falciparum may be of considerable epidemiological importance. The infectivity of 
subclinical and low-grade parasitemias of P. falciparum to mosquitoes has been 
previously noted by several investigators. Young ef al. (1948) in a field study in 
South Carolina were able to infect A. quadrimaculatus on 21 occasions where 
gametocyte densities were no higher than 90 per cmm. Thirteen of the infections 
resulted when the densities of P. falciparum were under 10 gametocytes per cmm. 
of blood. In 1952, Muirhead-Thomson and Mercier reported similar results in 
Jamaica. They were frequently able to infect A. albimanus on gametocyte den- 
sities of under 100 per cmm., and on two occasions obtained infections from 
densities under 10 per cmm. In our experiments densities under 10 per cmm. 
caused infections in 67 of 282 trials. Muirhead-Thomson (1954) has also reported 
that even in a hyperendemic situation in the Gold Coast, West Africa, persons 
with low gametocytemias were indicated as important in the transmission of the 
disease. 

Quite as surprising, but not so important epidemiologically, was the occasional 
failure of higher gametocyte densities to infect mosquitoes. This phenomenon 
also had been noted previously in South Carolina by Young eé al. (1948), in 
Jamaica by Muirhead-Thomson and Mercier (1952), and in the Gold Coast by 
Muirhead-Thomson (1954). Explanation of this non-infectivity is not apparent. 

Viewing the infectivity to mosquitoes of P. falciparum throughout the whole 
course of infection, several characteristics are evident. It can easily be seen that 
at least the first 90 to 120 days of the infection constitute a period where the 
average patient is more or less highly infective most of the time. During this early 
period a very favorable situation exists for the transmission of the infection, 
thereby possibly providing a mechanism for the maintenance of a high level trans- 
mission during a malaria season or an epidemic situation. 

The presence of parasites and their infectivity to mosquitoes during the long 
enduring, low level, intermittent parasitemias may be responsible for the renewal 
of transmission during new malaria seasons and for providing a continual source 
of falciparum infection in an endemic area. Over-emphasis of the fact that these 
late parasitemias are of a low-level and intermittent character may have served 
to minimize theirimportance. Suchshould not be the case. While not being respon- 
sible for the high level transmission of malaria epidemics, these intermittent 
parasitemias can be incriminated for the maintenance of endemic falciparum 
malaria and are most difficult to detect and eliminate in a population. 

In relating the infectivity to mosquitoes of these strains of falciparum, to the 
clinical attacks, previous experience (Jeffery and Eyles, 1954) has shown that the 
initial clinical episodes in the South Carolina and Panama strains persist for an 
average of about 7 and 12 days respectively. When additional episodes are en- 
countered they are usually of short duration and relatively mild. Since it is usu- 
ally after the clinical attack has subsided that infective gametocytes appear in 
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the peripheral blood, it is the post-clinical period that is of the greatest impor- 
tance from the epidemiological viewpoint. The end of the clinical attack in these 
strains of falciparum finds the recovering and ambulatory patient a potential in- 
fector of mosquitoes for the maintenance of high level transmission during the 
same season, and because of the long duration previously noted, provides a pos- 
sible source for renewed infection during the next season. In areas where it is a 
common practice for the population to treat clinical malaria with enough ineffi- 
cient drug to reduce the symptoms but not eradicate the parasites, such treatment 
would have little effect on the persistence of the infection as a source of transmis- 
sion for a considerable length of time. 

The significance of these findings is of a high order. It appears that a large 
part of the transmission of P. falciparum in endemic areas probably results from 
asymptomatic carriers who could be detected only by mass blood surveys. Be- 
cause of the discontinuous presence of parasites in such cases, many of the poten- 
tially dangerous infections would elude detection even in mass surveys. 


SUMMARY AND CONCLUSIONS 


Mosquitoes were fed at all stages of infection on 88 cases of Plasmodium falci- 
parum. Observations were made on the relations of gametocyte densities and 
length of patency to infectivity. Mosquitoes frequently became infected when fed 
on gametocyte densities of less than 10 per cmm. of blood, and were infected as 
late as day 321 of parasite patency in the South Carolina strain, and 410 in the 
Panama strain. It is concluded that the long enduring parasitemias of these South 
Carolina and Panama strains of P. falciparum are of considerable epidemiological 
importance and may be responsible for a large part of the transmission of this 
species in certain endemic areas. 
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SUPPRESSION OF MALARIA BY MONTHLY DRUG 
ADMINISTRATION 


MAX J. MILLER 
The Liberian Institute of the American Foundation for Tropical Medicine, Harbel, Liberia 


An earlier investigation by Miller (1954) on malaria suppression in West 
African children with chloroquine, amodiaquin and pyrimethamine, showed 
these drugs to be highly efficient when administered at weekly intervals. In view 
of the marked immunity to malaria developed by this population group ata 
relatively early age, it was considered desirable to test the effects of suppressive 
drugs when given at longer intervals. Accordingly the present study was under- 
taken to test the effects of chloroquine and pyrimethamine when administered 
separately and together at monthly intervals, and of primaquine given weekly. 


MATERIALS AND METHODS 


Studies were carried out in the coastal area of the Central Province, Liberia, 
where malaria is hyperendemic. Transmission occurs the year round but is 
generally more intense during the rainy season. Our experiments were started 
in March and continued into November, thus covering the period of most intense 
transmission. Plasmodium falciparum is the predominant species present; P. 
malariae also is quite common but its presence is frequently masked by the former 
species; P. vivax is seen only rarely. 

A total of 217 West African school children aged 5 to 14 years were studied. 
They attended three schools which were situated in separate areas, and a differ- 
ent experiment was carried out at each. The experiments are described below. 


Experiment 1 


The antimalarial effects of monthly doses of pyrimethamine and weekly doses 
of primaquine were tested; three groups of children were studied as follows: 

Group A—60 children, average age 9.5 years; each child received one 25 
mgm tablet of pyrimethamine at monthly intervals for eight successive months. 

Group B—23 children, average age 9.7 years; each child was given a placebo 
once each month and the group served as a control. 

Group C—33 children, average age 11.2 years; each child received one 15 
mgm tablet of primaquine diphosphate weekly for 12 weeks. 

All the children lived in an area where the houses had been sprayed with 
DDT shortly before the experiment started and again four months later. 


Experiment 2 


The antimalarial effects of chloroquine were tested; two groups of children 
were studied as follows: 

Group D—32 children, average age 9.0 years; each child received one 0.15 
gm tablet of chloroquine (base) monthly for eight consecutive months. 
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Group E—20 children, average age 11.9 years; each child was given a placebo 
at monthly intervals and the group served as a control. 

These children lived in an area where the houses had been sprayed with DDT 
at 4-monthly intervals starting eight months before and continuing during the 
experiment. 


Experiment 3 


The antimalarial effects of pyrimethamine and chloroquine given in combi- 
nation at monthly intervals were tested; two groups of children were studied as 
follows: 

Group F—42 children, average age 9.7 years; each child received one tablet 
each of pyrimethamine and chloroquine in the above dosages at monthly inter- 
vals for six consecutive months. 

Group G—a small group of children whose number varied from one to seven 
and consisted of new children who enrolled at school after the start of the experi- 
ment, and whose attendance was erratic; they received no treatment and al- 
though the group was small it served usefully as a control. 

These children lived in an unsprayed area. 

Prior to drug administration, the malaria parasite rates, spleen rates, and 
average enlarged spleen were determined for the children in all groups. Each 
child then received the test drug at the appropriate interval and on the same 
occasion the blood was examined for parasites and a spleen examination made; 
care was taken to ensure that the children swallowed the drugs. Additional blood 
examinations were made in Group B at weekly intervals for the first 12 weeks, 
and in Group F weekly for the first four weeks. The technic of the blood and 
spleen examinations were the same as described in a previous report (Miller, 
loc. cit.). 


RESULTS 
Experiment 1 


Parasite rates in the three groups studied are given in Table 1 and Figure 1. 
Children in Group A, who received pyrimethamine at monthly intervals, showed 
an initial asexual parasite rate of 68 per cent. When examined one month later, 
having meanwhile received one25 mgm tablet of pyrimethamineeach, the parasite 
rate had fallen to 8 per cent. By the end of the second month the parasite rate 
was zero and remained negative throughout the final six months of the experi- 
ment. Children in Group B who served as a control showed an asexual parasite 
rate which fluctuated between 33 per cent and 73 per cent for the first four 
months and between 19 per cent and 45 per cent during the last four months of 
the experiment. Children in Group C who received primaquine at weekly inter- 
vals showed an initial asexual parasite rate of 45 per cent, and throughout the 
12-week drug administration period parasites persisted with rates fluctuating 
between 18 per cent and 48 per cent. 

Gametocyte rates are given in Table 2 and Figure 1. A study of the table re- 
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TABLE 1 


Asexual malaria parasite rates in three groups of children, the first (Group A) receiving one 
25 mgm. tablet of pyrimethamine per child monthly, the second (Group B) an untreated 
control group, and the third (Group C) receiving one 15 mgm. tablet of primaquine 
diphosphate per child weekly 





Weeks Months 





+5 | +6| +7 +6) +7 





Pyrimethamine 
(Group A) 
Number examined... .| 60 48 
Number positive 41 0 0 
Per cent positive......| 68 0 
Control (Group B) 
Number examined... .| 23) 23) 23 22| 18) 20 
Number positive 12) 11) 12 16; 7} 12 
Per cent positive......| 52) 48) 52 73| 33) 60 
Primaquine (Group C) 
Number examined... .| 33) 33) 32 33] 33) 32 
Number positive 15} 16) 6 12} 11) 6 
Per cent positive......| 45) 48) 19 36} 33) 19) 1 



























































* No blood taken this week because of school holiday. 


veals that the untreated children showed gametocytes on 11 of the 12 blood 
examinations made during the first three months of the experiment, and on three 
of the final five monthly examinations. Children who received monthly doses of 
pyrimethamine showed an initial gametocyte rate of 17 per cent which dropped 
to 3 per cent during the first month, and thereafter no gametocytes were found. 
The initial gametocyte rate of 3 per cent in children given weekly doses of prima- 
quine rose to 15 per cent by the end of the first week, was still 3 per cent by the 
fourth week, but by the fifth week and on all successive weekly examinations no 
gametocytes were seen. 


Experiment 2 


The parasite rates are shown in Table 3 and Figure 2. Children on monthly 
doses of chloroquine showed an initial asexual parasite rate of 44 per cent. One 
month after the first dose it was 26 per cent and by the end of the second month 
the rate had fallen to 3 per cent. During the third and fourth months the children 
were free of parasites but on the fifth month P. falciparum was seen in the blood 
of one child who showed signs of clinical malaria. For the final three months of 
the experiment all children were negative for parasites. Children in Group E who 
served as untreated control showed an asexual parasite rate which fluctuated 
between 11 per cent and 39 per cent. Gametocyte rates are given in Table 2 and 
Figure 2. The initial rate of 6 per cent rose to 9 per cent one month later in 
chidren who received chloroquine, and on all subsequent examinations the blood 
was negative for gametocytes. Control children showed gametocytes only during 
the fourth month of the experiment, when the rate was 15 per cent. 
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Fig. 1. Malaria parasite rates in three groups of West African school children; the first 
received primaquine at weekly intervals, the second pyrimethamine at monthly intervals, 
and the third was untreated. The solid line refers to asexual parasite rates, the broken 
line to gametocyte (P. falciparum) rates. 


Experiment 3 


Parasite rates of children are given in Table 4 and Figure 3. Children who 
received combined treatment with pyrimethamine and chloroquine showed an 
initial parasite rate of 69 per cent. One week after drug administration this fell 
to 9 per cent, and by the end of the second week all children were negative for 
parasites. They remained negative until the final blood examination in the sixth 
month when a single child showed a low density parasitemia with P. falciparum. 
This child then received the usual monthly suppressive dose of pyrimethamine 
and chloroquine and his blood was examined daily for the next week. Parasites 
continued to be present for the first two days after treatment, but from the third 
day the blood was negative for parasites. The few children who served as con- 
trols showed an asexual parasite rate which fluctuated between 50 per cent and 
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TABLE 2 


Gametocyte rates (%) in five groups of children, three received suppressive antimalarial treat- 
ment and two were untreated groups 





Weeks Months 
Drug 





D | +1| +2 +4| +5 11/412 +5|+6| +7 








Pyrimethamine | 17 3) 


0 0} O 
(Group A) | 

Control 5 12) 17 5 
(Group B) | 

Primaquine 3 3} 0 
(Group C) 

Chloroquine 9 
(Group D) 

Control 0 
(Group E) 

Pyrimethamine + 25) 3} 3 

Chloroquine 

(Group F) 



























































* No blood taken here because of school holiday. 


TABLE 3 


Asexual malaria parasite rates in two groups of children, each child in Group D received one 
tablet of chloroquine (0.15 gm. base) monthly, while children in Group E were untreated 





Months 





+4 





Chloroquine (Group D) 
Number examined.........| 32 
Number positive 14 
Per cent positive 44 

Control (Group E) 

Number examined.........} 20 
Number positive 6 
Per cent positive 30 
































100 per cent. Gametocyte rates are shown in Table 2 and Figure 3 where only 
results for the treated children are given, as the untreated children were too few 
in number to show significant rates. Children who received the combined treat- 
ment showed an initial gametocyte rate of 6 per cent; this rose to 25 per cent by 
the end of the first week, fell to 3 per cent on each of the third and fourth weeks 
and was zero on all subsequent examinations. 

The results of spleen examinations for all groups of children studied showed 
that the spleen rates and average enlarged spleen remained relatively constant 
throughout the course of the experiments, and that they were unaffected by any 
of the drugs as used above 
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Fie. 2. Malaria parasite rates in two groups of West African school children; one re- 
ceived chloroquine at monthly intervals and the other was untreated. The solid line refers 
to asexual parasite rates, the broken line to gametocyte (P. falciparum) rates. 


TABLE 4 
Asexual malaria parasite rates in two groups of children, each child in Group F received one 
tablet each of pyrimethamine (25 mgm.) and chloroquine (0.15 gm. base) at monthly 
intervals, while children in Group G were untreated 





Months 





+3 +4 +5 








Pyrimethamine + 
chloroquine 
(Group F) 

Number examined. .| 
Number positive... .| 
Per cent positive... .| 

Control (Group G) 

Number examined. .| 4 
Number positive... .| 2 
Per cent positive... .| 50 





























DISCUSSION 


The results obtained in the three experiments are not strictly comparable as 
there was undoubtedly a difference in the malaria transmission rate for groups in 
each of the three experiments. Judging by the initial parasite rates in the treated 
groups and the continuing rates in the control groups for each experiment, it ap- 
pears that the highest infection challenge was present in the area of Experiment 
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Fia. 3. Malaria parasite rates in two groups of West African school children; one received 
pyrimethamine plus chloroquine at monthly intervals and the other was untreated. The 
solid line refers to asexual parasite rates, the broken line to gametocyte (P. falciparum) 
rates. 


3 where children received pyrimethamine and chloroquine in combination, and 
the lowest was in the area of Experiment 2 where the children received chloro- 
quine alone; in the area of Experiment 1 where children received pyrimethamine, 
the transmission rate was probably somewhere between the other two. In spite 
of this, our results show that children receiving pyrimethamine were afforded 
better protection than those receiving chloroquine; it appears that in the dosages 
employed, the malaria suppressive activity of pyrimethamine is effective over 
longer periods of time than is that of chloroquine. The admiistration of both 
drugs in combination did not give results any better than when pyrimethamine 
was given alone. In fact with the former drugs there was a single temporary 
parasitic breakthrough which did not occur with the latter drug. This result is 
probably explained by the higher infection challenge to children receiving both 
drugs in combination, and suggests that if the infection challenge was great 
enough some of the children receiving pyrimethamine may have shown tempo- 
rary parasitemia. However, under the conditions of our experiments the adminis- 
tration of monthly suppressive doses of pyrimethamine, alone or in combination 
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with chloroquine, effectively suppressed malaria in the semi-immune children of 
West Africa. 

The results obtained by weekly administration of 15 mgm. doses of primaquine, 
showed this drug to have little if any effect on the malaria’ asexual parasite rates 
in our semi-immune population group. 

The antimalarial drugs as used in this study apparently effected the clearance 
of gametocytes from the blood of children in the experimental groups. This is 
best seen in Experiment 1 where in children who received pyrimethamine the 
gametocyte rate was reduced to zero by the second month of treatment, while a 
control group of children continued to show gametocytes throughout the course 
of the experiment. Primaquine was also apparently effective in clearing the blood 
of gametocytes by the second month of weekly drug administration. In Experi- 
ment 2 a similar result was seen in children receiving chloroquine, but the find- 
ings in the control group of children who showed gametocytes on one occasion 
only, render the results less significant. In Experiment 3 the children were prob- 
ably exposed to the highest infection challenge, yet no gametocytes were seen in 
any child who received monthly doses of pyrimethamine plus chloroquine after 
the first month of treatment. 

Results obtained in the present study on the blood clearance of gametocytes 
agree with those of a previous study in our laboratory (Miller, 1954) when it 
was found that weekly suppressive chemotherapy for malaria apparently inter- 
fered with gametocyte production. With the exception of primaquine, the drugs 
as used in our experiments most probably are not destroying the gametocytes, 
and their disappearance from the blood is more likely explained by an interference 
with gametocyte production. That this is actually the case is indicated by the 
results of an experiment currently in progress which suggest that attacks of 
clinical malaria stimulate gametocyte production, which does not usually occur 
with sub-clinical parasitemia. The suppression of clinical attacks of malaria 
through the monthly administration of antimalarial drugs may explain, there- 
fore, the interference with gametocyte production seen in our experiments. 
Primaquine, on the other hand, is one of the 8-aminoquinoline drugs which are 
known to have a direct gametocidal action. Nevertheless it is surprising that it 
should act with such apparent efficiency at the low dosage used. 

The results of spleen examinations of the children in our study demonstrate 
that the successful suppression of malaria parasitemia by monthly drug adminis- 
tration was not associated with reduction in the spleen rate or average enlarged 
spleen. This was in contrast to the findings when the same drugs were adminis- 
tered at weekly intervals (Miller, loc. cit.), and suggests that there was little if 
any interference with host resistance to malaria in our experimental subjects 
during the course of the study. 

Avery Jones (1953), Clyde (1954) and Clyde and Shute (1954) have studied 
the effects of monthly doses of pyrimethamine on malaria in East Africans, and 
all claim to have induced or isolated strains of P. falciparum resistant to this drug. 
The latter authors report the appearance of resistant strains as early as after two 
monthly doses of pyrimethamine, and that in some groups receiving monthly 
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doses the malaria parasite rate, after a preliminary drop, may rise within six 
months to equal the pre-treatment rate, presumably as a result of the spread of 
resistant strains. They further present evidence which indicates that after about 
two weeks the suppressive activity of pyrimethamine is lost. 

Our results are in complete disagreement with those reported by the above 
investigators. The demonstration that resistance to pyrimethamine has been 
developed in non-human species of plasmodia, together with the occurrence of 
strains of human plasmodia resistant to the related antimalarial proguanil, indi- 
cate that pyrimethamine-resistant strains of human malaria may indeed be 
expected to occur. Nevertheless this did not happen in our experiment. The group 
of children studied by us was not large, yet it was as large or larger than any of 
the four groups studied by Clyde and Shute (loc. cit.), in each of which was 
demonstrated the development of pyrimethamine-fast strains. It is possible that 
West African strains of malaria are inherently less prone to develop resistance to 
pyrimethamine, or that the extensive use of proguanil in East Africa may have 
conditioned the malaria strains occurring there to the development of a resistance 
to pyrimethamine. Further studies aimed at clarifying this important factor in 
the antimalarial activity of pyrimethamine are currently in progress. 

Clyde and Shute (loc. cit.) found that pyrimethamine protected their experi- 
mental subjects for two weeks but not for a month. In our experimental subjects 
this drug appeared to afford protection for one month. The lesser efficiency re- 
ported by the former workers may be explained bya higher malaria transmission 
rate in the area studied by them, indicated by the greater parasite rates occurring 
in their children. Nevertheless it is inconceivable that at least a few of our chil- 
dern who received pyrimethamine at monthly intervals were not bitten by 
infected mosquitoes during the latter half of each month. Further, the group of 
children given pyrimethamine plus chloroquine at monthly intervals were housed 
in an area subjected to an infection challenge probably as high as where Clyde 
and Shute carried out their experiments, and yet only one child showed a tem- 
porary parasitemia while on drug suppression. Available information indicates 
that pyrimethamine may have a longer suppressive activity than chloroquine, 
and it seems probable that the good results obtained here were due to pyrimetha- 
mine. Our results suggest therefore, that under certain conditions a single dose 
of pyrimethamine will suppress malaria parasitemia for periods up to one month. 

The encouraging results of effective malaria suppression by monthly adminis- 
tration of drugs seen in the present study, and especially the demonstration of 
apparent gametocyte production inhibition in treated children, raises the question 
whether this method could be used effectively for malaria control in the semi- 
immune population of West Africa. The monthly administration of drugs to 
large population groups should be practicable and the cost of such a program 
would certainly not be more, and probably less, than insecticide control. Our 
results suggest that pyrimethamine is the drug of choice for such a program, but 
further information is required on pyrimethamine resistance in human malaria. 
It is possible that by combining pyrimethamine and chloroquine the danger of 
developing resistant strains may be obviated. In our opinion further investiga- 
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tions to determine the feasibility of effective malaria control in the semi-immune 
population of West Africa by the monthly administration of suppressive doses 
of pyrimethamine alone and in combination with chloroquine are well warranted. 


SUMMARY 


Malaria suppression by pyrimethamine, chloroquine and the two combined, 
administered at monthly intervals, was attempted in West African school chil- 
dren. Primaquine given at weekly intervals was also tested. Effective suppression 
was achieved in children receiving pyrimethamine alone and in combination with 
chloroquine; chloroquine alone was not found to be as efficient. Primaquine in 
weekly doses showed little or no effect on asexual parasitemia. There was an 
apparent inhibition of gametocyte production in children given the drugs. There 
was no evidence that the spleen rate or average enlarged spleen were affected 
by the treatment. The development of pyrimethamine-resistant strains was not 
observed throughout the six to eight month periods of the experiment. 
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FIFTY YEARS OF MALARIA CONTROL IN THE PANAMA AREA 
EDWARD J. DEHNE 


Medical Section, Headquarters, U. S. Army Caribbean, Fort Amador, Canal Zone 


The completion of the Panama Canal which received world recognition for 
its momentous economic and social significance was paralleled by a develop- 
ment of equal significance in the field of preventive medicine. The narrative of 
the evolution of malaria control in Panama is a fascinating study of the applica- 
tion of new scientific discoveries toward overcoming health obstacles. There are 
a number of considerations bearing on the background, the present status and 
the future of this problem that are worthy of recapitulating at the half century 
point in recognition of the importance of malaria in the tropics and in apprecia- 
tion of the originators of an eminently successful plan for its control. 

The historical background and contemporary status of malaria in Panama 
may be conveniently divided into the period prior to 1904, and the five decades 
which followed, ending in 1953. 


PRIOR TO 1904 


A succession of events at the close of the last century and the start of the 
present century were to have a profound influence on the development of disease 
control measures in the Canal Zone. Among these events were the discovery of 
the parasite of human malaria by Laveran in 1880; observation of the malaria 
oocysts on the stomach wall of the mosquito by Ross in India in 1897; demon- 
stration that malaria parasites have a sexual phase of development by MacCal- 
lum in 1897; the elaboration of the entire life cycle of a malaria plasmodium 
in the bird, and prediction of the sexual phase of human malaria by Ross in 
1898; and confirmation of mosquito transmission of malaria by Manson in 
1900. Cinchona bark with its alkaloid quinine dominated the field as an anti- 
malaria specific. These were the significant untried theories on which measures 
for control of malaria in Panama were to be based in 1904. Construction of the 
Canal by the United States provided the opportunity to test their practical 
application. 

During the era of Spanish conquest of Central and South America, the Isth- 
mus, according to tradition and history, was an area of pestilence. The building 
of the Panama Railroad, 1850-1855, encountered disease which included malig- 
nant falciparum malaria, ““Chagres fever’, to the extent that construction was 
periled due to disease and death in the labor force (Otis, 1867; Robinson, 1907). 
Accurate vital statistics are not available for that period. 

The first annual report by Colonel William C. Gorgas in 1906 contained data 
on deaths in the City of Panama, 1883-1904, based on hospital records of the 
French Companies which did not include all deaths in the city. An indication of 
the magnitude of the malaria problem is contained in those data, which showed 
death rates attributed to malaria varying from a high of 33.8 malaria deaths per 
thousand population in 1885 to 7.3 per thousand in 1903 when construction had 
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been suspended. A total of 2,228 deaths from all diseases was reported in a 
population of 20,276 in the year 1885, or a total death rate of 109.7 (Simmons, 
1939). 


FIRST DECADE, 1904-1913 


It was apparent that tropical diseases, the most important of which were 
yellow fever and malaria, had taken a tremendous toll of productive manpower 
of the French labor forces working in an unsuccessful attempt at excavating a 
canal across the Isthmus. Gorgas estimated that if the American undertaking 
met with as many yellow fever deaths as the French had experienced, there 
would be thirty-five hundred deaths yearly from that cause alone. The sanitary 
experiences of the French in the construction of the Suez Canal were of little 
use to him since conditions in the dry sandy desert were entirely unlike those 
of the Isthmus of Panama, including the insect fauna (Gorgas, 1918). 

Responsibility for sanitation of the Canal Zone and the terminal cities of 
Panama and Colon was delegated to the United States in the treaty between 
the United States and the Republic of Panama. The Isthmian Canal Commis- 
sion was appointed in March, 1904, with seven members, none of whom was 
medical, and was accompanied by Gorgas when it visited and surveyed the 
situation on the Isthmus in April, 1904. Formal transfer of property to repre- 
sentatives of the United States occurred 4 May, 1904, and a sanitary program 
was launched in June. The undertaking was confronted by disease and death 
from the start of efforts to develop and maintain a construction force. 

In 1904 there were abundant anopheline mosquitoes (Darling, 1908) in all 
areas of the Isthmus and malaria was endemic in all inhabited areas, which 
included small villages with an estimated population of 15,000, extending along 
the 50-mile length of the Panama Railroad from Panama to Colon. There were 
no regulations, restrictions, drainage or sewers in these villages and they de- 
pended on rainfall or streams for water supply (Gorgas, 1907). The environment 
provided optimum breeding conditions for Anopheles albimanus, the principal 
malaria vector, because of the warm humid climate and the heavy annual rain- 
fall usually varying from 70 to 130 inches. The high relative humidity ranging 
from 60 to 99 per cent saturation, ambient temperatures of 63° to 97° F., water- 
logged country, deforested lands, and innumerable swamps and water collec- 
tions, provided a most serious challenge to efforts to control malaria. 

Incomplete records at the time the United States construction began in 1904 
showed an annual admission rate for hospitalized malaria of 125 per thousand 
among the 6,213 employees. With the importation of large numbers of labor 
personnel, the number of employees increased to 16,511 and the malaria rate 
rose to 514 per thousand in 1905. When the number of employees reached 
26,547 in 1906, the malaria rate climbed to a peak of 821 cases hospitalized per 
thousand employees (Hanson, 1919). It was estimated that the rate would 
have been 3,000 per thousand, if the sanitary program had not been initiated. 
During the active construction period the average annual number of employees 
had increased to 56,654 in 1913 when the Canal was completed. 
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In April, 1905, when the second Isthmian Canal Commission had just been 
appointed, a yellow fever epidemic occurred in the Canal Zone. Gorgas met 
this by fumigating all quarters, a procedure which exasperated the incredulous 
and obstructive engineers. In June of that year it was recommended that Gorgas, 
Carter and their assistants, “who believed in the mosquito transmission theory, 
be relieved and replaced by more practical personnel”. Fortunately President 
Roosevelt, on the advice of outstanding medical authorities in the United States, 
did not approve the recommendation and instead called for fuller support and 
assistance for the sanitary officials. The new Chief Engineer, assigned in July, 
1905, embarked on a program of improvements proposed by the sanitation 
organization which then became an independent department and functioned 
with greater authority. The first efforts were directed against the immediate 
threat, yellow fever, and were effective, as they had been in Havana. No fatal 
case of yellow fever having its origin in the Canal Zone was reported after 
November, 1905 (Fisher, 1920). 

It is impractical to compare the relative importance of malaria and yellow 
fever as obstacles to the canal construction; both posed real problems to those 
responsible for maintaining an adequate labor force. Yellow fever could decimate 
and demoralize the force while malaria immobilized large numbers. 

The cost of the control measures was charged to construction costs and upon 
completion of construction much of the sanitation work was transferred to other 
agencies of the Panama Canal Company. In 1913 certain sanitation stations on 
military posts were turned over to the United States Army and a start was 
made in assigning anti-mosquito operations on military posts to the military 
authorities. 

Malaria showed seasonal trends, with the incidence highest at the beginning 
and end of the rainy season, and lowest toward the end of the dry season, from 
January to April. The seasonal variations of malaria were due to relapses as 
well as to primary cases and reinfections. Le Prince (1916) observed that the 
increase in malaria each year preceded by several weeks any increase in the 
number of Anopheles mosquitoes, which he attributed to the fact that during 
the rainy season laborers were frequently soaked and chilled with rain which 
possibly lowered resistance and predisposed them to malaria relapses. 

It was not possible to determine the distribution of malaria in other areas of 
the Republic of Panama at that early period. Malaria was a most serious obstacle 
to the Canal undertaking because it infected most of the labor force at one 
time or another, immobilizing large numbers of the laborers and obviously 
contributing to other forms of breakdown from disease. Even the hospital 
served as a place for malaria transmission. It was reported that the entire 
hospital force contracted malaria during the first year. 

The campaign employed procedures (Carter, 1908) which continue, with 
certain modifications, to be the key to malaria control. They were: 

1. Extensive therapeutic and prophylactic use of drugs, at that time limited 
to quinine. 

2. Screening of houses and use of mosquito nets. 
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3. Killing of adult mosquitoes in dwellings and the elimination of harboring 
places by cutting away sheltering underbrush. 

4. The destruction of mosquito larvae and pupae by the use of oil and other 
larvicides. 

5. The elimination of mosquito breeding places by filling, draining, training 
streams and by admitting tide water. 

6. The use of permanent sub-soil tiling and concrete lined ditches in an at- 
tempt to drain all standing water. 

The City of Panama, with a population of 24,548 in 1904, had a malaria death 
rate of 6.5 and a total death rate of 50.2. It was sanitated using principles similar 
to those in the Canal Zone. Its population increased to 47,172 in 1913 while its 
malaria death rate and total death rate decreased to 1.4 and 31.9 respectively. 
The City of Colon with a population of 11,176 and a total death rate of 49.5 in 
1905 was also sanitated and its population increased to 20,232 in 1913 while 
its malaria death rate and total death rate decreased to 1.5 and 24.2 respectively. 

After development of mosquito control measures and quinine prophylaxis in 
the terminal cities, the malaria problem became less important in these cities 
than in unsanitated rural communities and settlements, and under the new 
urban sanitation conditions malaria tended to appear as a rural rather than an 
urban disease. The practice of having mosquito killing crews make the rounds 
daily to kill all mosquitoes that had entered the quarters during the preceding 
night was discontinued and the brush cutting was reduced when the malaria 
rate was sufficiently low. Collecting of mosquitoes was continued on a limited 
scale as a means of evaluating control measures. New larvicides and insecticides 
were tried (Darling, 1912). 

A battalion of early U. S. Marines in Panama developed high malaria rates 
in 1908 with 750 admissions among 1,200 men in two months. In 1911 U.S. Army 
troops replaced the Marines in defense of the Canal Zone and developed 
malaria admission rates of 53.9 in 1911, 120.3 in 1912 and 145.5 in 1913 among 
enlisted men. 


SECOND DECADE 1914-1923 


With completion of canal construction the number of employees in the Canal 
Zone decreased from 44,329 in 1914 to 10,976 in 1923 and malaria rates dropped 
from 65 to 19 for the respective years. 

At the time the Canal was opened in August, 1914, an increase in the problem 
of malaria control among troops developed. Military activities associated with 
manning defense outposts in unsanitated locations and expansion of military 
garrisons in the Canal Zone at the time of the First World War contributed to 
increase the malaria in troops in the Canal Zone in 1914 (Fig. 1), while the low 
civilian rates enjoyed after completion of the canal were not significantly changed. 

The situation in the troops prompted the issuance of military orders directing 
personnel to practice individual and group protective measures for malaria. 
Such measures were made a local, command and individual responsibility. 
Troops in unsanitated areas were required to sleep under mosquito bars at 
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Fic. 1. Malaria among troops, U. 8S. Army, Panama, 1911-1953! 


night and wear head nets in the evening. Camping within 500 yards of an in- 
digenous civilian habitation, or visiting a civilian village or habitation after 
dark was forbidden. Daily prophylactic use of quinine was commenced the day 
prior to contemplated departure from a sanitated area. Sanitary examination 
of the camp sites prior to occupation by troops was required. 

In 1915 the Army obtained an appropriation with which malaria control was 
established on a permanent basis. Camp sites for military use were transferred 
from the Panama Canal Company to the U. 8. Army, with buildings and much 
of the drainage already installed. In 1918 the U. S. Army established a Malaria 
Control Force for all Army occupied reservations (Shropshire, 1931). 

The use of various chemicals was explored as an improvement over oil in 
mosquito control. These included a toxic larvicidal agent known as Panama 
Canal Larvicide, compounded of carbolic acid, crushed resin and caustic soda, 
but the Army reverted to oil alone in 1919. The use of Paris Green was intro- 
duced in the Canal Zone based on a report by Barber of the United States 
Public Health Service in 1921. A few years later airplanes were used experi- 
mentally for spraying bodies of water. 


1 Prepared from Annual Reports of The Surgeon General, U. 8. Army, which are pro- 
visional for the period 1942-1953. 
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THIRD DECADE 1924-1933 


Malaria rates in civilian employees of the Canal Zone remained satisfactorily 
low under stabilized conditions and rates among troops continued a gradual 
decline below previous rates in the area. 

In 1930 the Gorgas Memorial Laboratory was established on the Isthmus 
and earned an authoritative place in tropical research. It assisted the health 
authorities of the Republic of Panama in developing measures for reducing the 
incidence of malaria in many remote villages. Studies were conducted in civilian 
communities aimed at developing economical and practical methods for control 
of malaria in rural unsanitated communities. During the period 1924-1931 the 
Republic of Panama was assisted by the Rockefeller Foundation in extensive 
investigative work in demonstration areas to improve the methods of malaria 
control. Studies to evaluate different methods of mosquito control, larviciding, 
minor drainage, major drainage, and concrete lined ditches were conducted in 
Panama. The more permanent methods proved more successful but costly. The 
larger towns and centers of Panama systematically developed malaria control, 
fresh water supplies and facilities for sewage disposal. The United Fruit Com- 
pany also developed programs of malaria prevention in Panama. 

The Canal Zone and the terminal cities were joined with the interior of the 
Republic of Panama in 1931 by a road and a ferry across the canal which in- 
creased communication between the Canal Zone and the interior. Opportunities 
were afforded for many more malaria carriers to enter the Canal Zone and for 
personnel to visit remote villages with endemic malaria. Numerous blood surveys 
in rural communities revealed the extensive endemicity of malaria in the in- 
terior, where it was not uncommon to observe a fifty per cent parasitemia. 
Health authorities were concerned over the impact which increased travel 
would have on control of malaria. Eventually it did not unfavorably affect the 
malaria picture in the Canal Zone, but the economic improvement and progress 
in remote interior villages resulting from increased communications tended to 
develop these areas and provide them with the ways and means of developing 
anti-malaria measures. This improved the capacity of laborers on plantations 
and farms to do productive work, which paid many times over for the invest- 
ments in malaria control (Deeks, 1925). 


FOURTH DECADE 1934-1943 


Extensive studies were continued in evaluating new agents for treatment and 
prophylaxis of malaria (Clark, 1938, 1940, 1941). It became apparent that 
eradicaton of malaria was not possible in the denser jungle areas of Panama 
due to the abundance of vector mosquitoes, the year round mosquito breeding 
and malaria transmission, and the numerous malaria carriers (Clark, 1941). 

Systematic destruction of adult mosquitoes was begun by spraying habitations 
and dwellings with pyrethrum, which had a powerful knockdown effect but was 
without persistent residual effect. Freon-aerosol bombs and other improved 
methods of spraying were in general use in 1940 as means of applying insecticides. 
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A high degree of success in anti-mosquito and anti-malaria work had already 
been achieved in 1939, when the incidence rate for enlisted men reached an un- 
precedented low of 22.2 per thousand in the Panama area. But late in 1939 
military preparation for the defense of the Canal Zone in war took the form of 
new posts and extensive construction at permanent installations. Build-up of 
troop strength soon exceeded the capacity of permanent troop housing and 
resulted in the temporary quartering of troops in tent camps and unscreened 
hangars. There was considerable dispersal of troops to outposts, guard posts 
and combat positions outside the sanitated areas where exposure to mosquitoes 
was greater. The malaria rate here reached the highest point since 1914 with 
116.4 in 1942, while the rate for troops stationed in sanitated areas was only 
20.3 and the rate for civilian employees of the Panama Canal increased only 
slightly that year. By 1943 the situation had become stabilized and rates de- 
creased. 

Malaria’s threat as a serious problem during World War II in Panama, as in 
other areas, was made more ominous by the fact that much of the world supply 
of quinine came under Japanese control and was denied the Western hemisphere. 
Insecticides, repellents and sanitation were not successful in preventing malaria 
in jungle operations although they were reasonably effective under the relatively 
stable domestic conditions. To bridge the gap in malaria control atabrine was 
standardized to replace quinine in malaria treatment and suppression. The use 
of aerosol sprays and improved repellents was developed and an intensive educa- 
tion program in protective measures was launched among troops. The number of 
cases of malaria in military units was viewed as a criterion of individual and 
unit efficiency. 


FIFTH DECADE 1944-1953 


Advances in therapy provided, in chloroquine and primaquine, better drugs 
for cutting short the attack and eradicating the infection from the body (Coat- 
ney, 1953). Chloroquine was also used in weekly doses as a suppressant. 

Information collected through malaria surveys during the last two decades 
shows that malaria persists in all provinces of the Republic of Panama. Malaria 
studies, involving blood and insect surveys, re-emphasize the fact that the 
Canal Zone is bordered by areas where recurring high prevalence of malaria 
serves as a continuing reservoir of infection from which an abundant perennial 
population of Anopheles mosquitoes can transmit the disease. 

After the re-occurrence of yellow fever, an extensive anti-mosquito program 
was waged in Panama in 1949 against Aedes aegypti, vector of yellow fever, and 
Haemagogus spegazzinii, potential vector of jungle or sylvan yellow fever. The 
occurrence of yellow fever in Panama served again, as it did in 1905, to motivate 
the application of mosquito control measures which also resulted in improved 
control of malaria. The lowest malaria rates in Panama were recorded in 1950. 
In 1951 troop and Canal Zone civilian malaria rates increased. 

Malaria rates recorded at the time of surveys in certain villages near military 
posts (Fig. 2) represent the level of endemic malaria. The map (Fig. 3) shows 
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Fie. 2. Malaria infection rates in villages near the Canal Zone 


the close proximity of the endemic foci to relatively malaria-free, sanitated 
communities in the Canal Zone. This endemic malaria responds favorably to 
chloroquine and anti-mosquito measures, but returns to previous levels when 
the control efforts are interrupted. 

Trends in malaria rates in troops are dependent on a number of factors. The 
type and location of military field activities are important in influencing the 
incidence of malaria. According to provisional morbidity data there is a sig- 
nificant seasonal increase at the end of the dry season and during the first two 
months of the rainy season (Fig. 4). 

It is obviously impossible to distinguish clinically between a primary attack 
of malaria and a relapse of malaria in endemic areas. Each case of malaria 
among troops is followed up after treatment to detect reinfection or relapse. 
Follow-up of patients treated with a course of both chloroquine and primaquine 
since 1952 reveals that recurrence is a rarity, with only 1 per cent of the malaria 
cases in troops in Panama having a second attack, either reinfection or relapse. 

Comparison of the relative prevalence of P. falciparum and P. vivax malaria 
in the troops and in the indigenous population of the Panama Canal area indi- 
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cates that falciparum infections exceed vivax infections in the latter while vivar 
infections exceed falciparum infections in the troops. Malaria cases in troops in 
the Canal Zone from 1911 to 1934 were 46.9 per cent falciparum, 52.3 per cent 
vivax and 0.8 per cent malariae, but in 1952 and 1953 they were predominately 
(over 90 per cent) vivax, while surveys of indigenous civilian communities con- 
tinue to show a predominance of falciparum forms (Clark, 1954). 

The control of insects by chemicals in Panama has culminated in the use of 
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DDT, which was introduced in this area in 1944 (Trapido, 1946). Indications 
of modified response of Anopheles albimanus to DDT have been recorded in 
Panama, but resistance to DDT has not become a problem in malaria control 
when house spraying is done at intervals not exceeding four months (Trapido, 
1952). Substitutes for DDT, BHC (benzene hexachloride) in 1944, chlordane in 
1946, aldrin and dieldrin in 1948, and lindane in 1950 have been considered 


for a place in the program in Panama, in the event insect resistance to DDT 
becomes an obstacle in malaria control. 
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The program of malaria control emphasizes the importance of permanent and 
semi-permanent sanitary engineering works in the prevention of mosquito breed- 
ing. This is augmented by use of larviciding of selected areas and other tempo- 
rary measures. The efficacy of anti-mosquito procedures is measured by mosquito 
surveillance studies (Blanton, 1954). Mounted mist blowers and hand sprays 
are used for the control of mosquito larvae, and have been shown to be more 
effective than fogging as an insecticidal measure. Airplane dispersal of DDT 
spray is occasionally used as an adjunct in treatment of breeding places in in- 
accessible locations. The surveillance and maintenance of drainage ditches is 
being improved by introducing new weed killers and vegetation suppressants to 
reduce costs of grass cutting and to improve maintenance. 

Military units do not ordinarily use chloroquine suppressively on military 
reservations and maneuver areas since they are in a position to recognize and 
treat promptly the few cases of malaria which occur. Whenever the situation 
justifies it, chloroquine can be used as a suppressive agent, or both chloroquine 
and primaquine as a prophylactic. Main reliance is placed on anti-mosquito 
and personal protective measures. 


SUMMARY 


The efforts to control malaria in the vicinity of the Panama Canal during a 
half century were progressively more successful as new methods developed. 
Sanitary engineering works of a permanent type have controlled mosquito 
breeding in the vicinity of communities in the Canal Zone. A battery of chemicals 
are in use for destroying mosquitoes in all phases of their life cycle and new 
drugs for effectively attacking the malaria parasite in the human carrier and 
patient are now at our disposal. 

Malaria has been reduced to an uncommon disease in the Canal Zone and 
urban communities of the Republic of Panama enjoy a considerable degree of 
freedom from infection, but rural communities and hamlets continue to lose 
much of their economic production potential due to malaria. Aggressive anti- 
malaria programs temporarily reduce the disease but eradication has not been 
achieved in Panama. Temporary inactivity of malaria in a community may 
delude the inhabitants but the disease is unlikely to remain quiescent for long. 
Continuing and unremittent application of control measures by the individual 
and the community aimed at reducing the vector and treating the carriers is 
the solution to this problem in the Panama area. Once initiated, the control 
should be integrated into the community functions and become a permanent 
part of the community routine. 
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AMEBIC HEPATITIS 


LABORATORY FINDINGS AND TREATMENT WITH ERYTHROMYCIN! 
THOMAS L. NELSON, HAMILTON H. ANDERSON, anp OWEN THOMAS 


Sonoma State Hospital, Eldridge, California, and the University of California 
Medical Center, San Francisco 


In previous studies evaluating the efficacy of erythromycin in intestinal ame- 
biasis, we found evidence suggesting that this drug might favorably affect dis- 
turbed hepatic function in some of the patients studied (Anderson et al., 1954; 
Nelson and Anderson 1955). In further work the same authors evaluated eryth- 
romycin in the treatment of amebic hepatitis in a larger number of patients in 
Colombia (Anderson et al., 1955). However, the problem of differentiating hepatic 
disease due to amebic infection from other possible causes of disturbed function 
remains unsettled. 

A number of workers have speculated as to the nature of the disease picture 
frequently called “amebic hepatitis” (Radke, 1954; Weiser et al., 1953; Brooke 
et al., 1953). It seems generally agreed that there is seen a disease entity which 
consists of an enlarged liver, tenderness in the right upper quadrant, and some- 
times disturbed hepatic function detected by laboratory tests in a varying per- 
centage of people having intestinal amebiasis. This disease picture when seen 
without the demonstration of localized hepatic amebic abscess formation has been 
called “amebic hepatitis”. Especially disturbing has been the inconsistency 
among the various reports as to the laboratory findings in this disease, and the 
paucity of data available on introduction of drugs currently recommended 
(Conan, 1948). 

In this study, an effort has been made to diagnose thoroughly a few patients 
who exhibited to varying degrees the clinical picture of “‘amebic hepatitis’. The 
value of various laboratory procedures and their relative consistency in correla- 
tion with a recognizable clinical entity has been attempted. From such a study, 
we believe, it may be possible to establish certain diagnostic criteria for amebic 
hepatitis. To give more validity to these studies, we have made a parallel patho- 
logic study of liver biopsy specimens from representative patients in an effort to 
rule out viral hepatitis or nutritional liver disease, which have been confused with 
amebic hepatitis. 

We have also tried to evaluate erythromycin in patients having amebic hepa- 
titis shown by clinical appraisal, hepatic function laboratory studies and in cer- 
tain cases liver biopsies performed before and after treatment. In a few cases a 
degree of resistance to erythromycin was observed. In a similar manner, these 
patients were studied to re-evaluate chloroquine therapy in amebic hepatitis. 
Exhibition of a therapeutic response to one or the other of these agents would, in 
our opinion, further confirm other evidence that the disease under study was 
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indeed the result of amebic infection. The question remains, however, whether 
the infection was actively present in the liver itself or was secondary to intestinal 
Entamoeba histolytica infection. 


METHOD 


In a 2,700 bed California hospital for the mentally retarded there were discov- 
ered during the calendar year 1954, 371 cases of intestinal amebiasis. All of these 
371 patients were examined physically, and most of them were screened with a 
cephalin flocculation test. During the last seven months of the year, we found for 
study 29 patients who had intestinal amebiasis and also evidence of deranged 
liver function. The studies done on these 29 patients before treatment are de- 
scribed below. 

All of these 29 patients were examined by palpation for liver size and the 
presence or absence of tenderness over the liver area as part of a general physical 
examination. Twenty-four out of the 29 were also examined by x-rays of the 
chest and abdomen for liver size and for evidence of pulmonary disease. 

Twenty-six of these patients had 2 cephalin flocculation tests at least a week 
apart and in one other case, 2 days apart. One case with a 4+ cephalin floccula- 
tion reaction did not have a repeat test for confirmation. One patient because of 
the severity of dysentery had to be given immediate treatment and did not receive 
a cephalin flocculation test until 5 days after treatment was started. All cephalin 
flocculation determinations in this study were done in duplicate with different 
batches of antigen and also with control tubes of saline and known negative and 
positive sera. If there was a difference between the duplicate tubes utilizing 
different antigens, the separate readings were averaged. A cephalin flocculation 
of 2 + or greater was considered abnormal. 

All patients received an icterus index determination on their sera. One patient 
with severe dysentery did not receive an icterus index determination until 5 days 
after treatment was started. Twenty-eight patients had a prothrombin determi- 
nation by the Quick method. All prothrombin determinations were done in dupli- 
cate and had to agree within one second to be accepted. A prothrombin time less 
than 85 per cent of normal was considered positive. Twenty-six had their urine 
examined for urobilinogen. A positive urobilinogen test at greater than 1:20 di- 
lution was considered abnormal. We did corrected erythrocyte sedimentation 
rates by the Wintrobe method on 15 of these patients. We were able to do liver 
biopsies on eleven. All liver biopsies in this study were done with a Vim-Silverman 
needle, tissue was fixed in formalin, and then examined after staining with hema- 
toxylin and eosin. Twenty-eight received bromsulfalein tests with the amount of 
retention of dye being determined 30 minutes after injection. Twenty-seven re- 
ceived leukocyte counts. One patient with severe dysentery received a white 
count 5 days after treatment was started and did not receive a bromsulfalein test. 

Following the initial study as outlined above, 28 patients received 14 days of 
treatment with erythromycin stearate. The patient with severe dysentery re- 
ceived erythromycin and fumagillin together for 14 days. The dose of erythromy- 
cin given to children was 15 mgm. per kg. of body weight in divided dose up to a 
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dosage of 1.0 gm. per day. Adults were given 1.0 gm. of erythromycin divided into 
5 doses per 24 hour period. 

After erythromycin treatment all patients were again examined by palpation 
for liver size and tenderness and had at least one cephalin flocculation test. In 
those cases where other laboratory tests were abnormal, these tests were repeated 
following treatment. If a pre-treatment liver biopsy specimen showed pathologic 
changes, another biopsy was done on the patient following treatment. Nine pa- 
tients whom we believed to have an unsatisfactory response to erythromycin were 
retreated with chloroquine diphosphate at a dose of 0.5 gm. every 8 hours for 3 
doses and then 0.5 gm. daily for 21 days for adults and a proportionately smaller 
dose by weight for children. 


RESULTS 

The results of the examinations and tests on these 29 patients before treatment 
are outlined in Table 1. 

As noted in Table 1, ten of 28 patients examined were considered to have pul- 
monary involvement in the right lower lobe area without involvement in other 


TABLE 1 
Results of examination and laboratory findings before treatment 





Number of Number of 
Mambes of patients i patients 
Test or Examination Bee we having result i having 
the toon positive or i equivocal 
abnormal results 





Liver enlarged and/or tender by 


Liver enlarged by x-ray examina- 
tion of chest and abdomen 
Cephalin flocculation reaction 2+ 


Icterus index greater than 10 
Prothrombin time less than 85% 


Urine urobilinogen demonstrable 
at 1:20 or greater dilution 

Corrected erythrocyte sedimenta- 
tion rate elevated 

White blood count elevated above 


& 8 88 8B 88 


_ 
or 


Bromsulfalein test 5% retention in 
30 minutes or less 28 
Liver biopsy 11 
Right lower lobe pulmonary pa- 
thology by chest x-ray 28 18 0 


1 




















* One patient with negative results had test five days after treatment started as de 
scribed in text. 
t Typical pathologic picture as described in text. 
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PLATE 1 
Chest X-rays showing minimal pathologie changes in right lower lobe observed in 10/28 
of the patients in this series. 


lung areas. In these cases there was no obvious cause for pulmonary disease other 
than the amebiasis. These reactions ranged from abnormally increased broncho- 
vascular markings in this area to pulmonary infiltration. One patient had blunting 
of the right costo-phrenic angle. Examples of typical pulmonary reactions seen 
are shown in Plates | and 2. 

In 9 of the 11 patients receiving liver biopsies there was noted what the con- 


sulting pathologist considered to be a consistent picture which we are reporting 
typical in patients with amebic hepatitis. The general picture prior to treatment 
was that of a subacute hepatitis frequently focal in distribution and usually most 


marked in the peri-portal areas. In some cases increased glycogen content in 
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PLATE 2 
Chest X-rays showing minimal pathologic changes in right lower lobe observed in 10/28 
of the patients in this series. 


individual parenchymal cells was noted. The hepatitis was manifested principally 
by lymphocyte and plasma cell infiltration in the peri-portal areas. Rarely some 
increase in polymorphonuclear cells was noted. In the post treatment biopsy 


specimens considered to show a response to therapy there was a diminution in the 
inflammatory reaction. Frequently some increase in fibrous tissue in the vicinity 
of the biliary triads, and evidence of regeneration of parenchymal cells was shown 
by increased cell size and variations in nuclei. No amebas were found in any of 
the biopsy specimens. Plate 3 shows photomicrographs of typical liver biopsy 
specimens from a patient before and after treatment with erythromycin. 

Evaluation of the efficacy of treatment was made on each patient after consid- 
ering his physical status and all his laboratory findings before and after treatment. 
We believed that twenty of the patients treated with erythromycin and the one 
treated with a combination of erythromycin and fumagillin showed a definitely 
favorable response in clearance of their liver disease. In 18 of these patients the 
results were considered good and in two, fair. In two other cases we found the 
results equivocal. In the nine cases resistant to erythromycin therapy, we found 
that subsequent chloroquine treatment resulted in a good response in six, equivo- 
cal results in two, and no response in one other. 

Table 2 presents the response to treatment in a different manner. It shows the 
result of treatment on the five examinations and laboratory findings most fre- 
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PLATE 3 

Demonstrated are photomicrographs of liver biopsy specimens from the same patient 
before and after treatment. 

(a) Prior to treatment is noted the typical picture of subacute hepatitis with peri-portal 
lymphocytic infiltration. There are some areas of parenchymatous degeneration of liver 
substance. Also some of the cells in the liver substance proper have a foamy cytoplasm 
suggesting increased glycogen content. 

(b) Post treatment liver section showing the picture of regeneration with variations in 
size and shape of nuclei and variations in nuclear staining reactions. 


quently abnormal in this series of patients. This shows response by number of 
affected patients having these abnormal findings rather than evaluating each 
patient’s total response to treatment as presented above. 


DISCUSSION 

Since only patients who had Entamoeba histolytica demonstrated in their stools 
on examination of iron hematoxylin stained specimens are included in this report, 
the diagnosis of amebiasis was established in each case. Further it was desired to 
determine, by the most acceptable objective methods, whether or not the disease 
involved tissues other than intestinal, notably the liver. Therefore, every reason- 
able effort was made in this series to appraise the degree of involvement, beyond 
the intestinal phase of the disease. 
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TABLE 2 


TABLE 2- CHANGES IN SELECTED EXAMINATIONS FOLLOWING 
TREATMENT WITH ERYTHROMYCIN ® AND/OR CHLOROQUINE 





LIVER ENLARGED 
OR TENDER BY 
PHYSICAL EXAM 





CEPHALIN FLOCCU- 
LATION REACTION 
2+ OR MORE 





VRINE UROBILINOGEN 
POSITIVE AT 1:20 
DILUTION OR MORE 








LEGEND 

ELEVATED ERYTHRO- ABNORMAL BEFORE gag 

CYTE SEDIMENTA - TREATMENT 

TION RATE TREATED AND FOUND (—> 
TO BE CLEARED 


mentee “Warn, 
NT WITH S 
LIVER BIOPSY ERYTHROMYCIN ALONE 


UNCHANGED AFTER 
TREATMENT WITH Ss 
CHLOROQUINE 
EQUIVOCAL RESPONSE co 
AFTER TREATMENT 


rT 











apa, Tiere re 
2 6 10 I+ 16 22 26 
NUMBER OF PATIENTS 

*One patient received fumagillin along with erythromycin as noted in text. 

**One patient could not be evaluated by biopsy after treatment as adequate amounts 
of liver tissue could not be obtained. Positive biopsy indicates typical pathologic picture 
for active disease as described in text. Liver biopsies were not done after chloroquine 
therapy 


Of the twelve test procedures which were used most extensively, as noted in 


Table 1, certain examinations or laboratory findings were significantly abnormal 
in one-third or more of the patients studied. Six of the most useful procedures, in 
order of preference, were the following: 


Percentage 
abnormal 


Cephalin flocculation reaction (2 + or more) 93 
Liver biopsy with pathologic findings 82 
Urine urobilinogen, 1:20 or greater dilution 65 
Corrected erythrocyte sedimentation rate elevated 60 
Liver enlarged and/or tender on palpation 48 
Right lower pulmonary region having pathologic changes on x-ray 36 


Contrary to earlier reports in the literature, the diagnostic criteria which have 
been relied upon in the past were not useful in the majority of cases in this series. 
Perhaps one reason is that previous investigators have been satisfied in making a 
diagnosis of hepatic amebiasis when two-thirds, or certainly not more than half, 
of their cases did not exhibit 2. histolytica. One would question, therefore, the 
diagnostic criteria of the past based on a possibly questionable initial premise 
that hepatitis existed due to an ameba which was not demonstrated by conven- 
tional methods. In contrast, in the present study only patients having LE. his- 
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tolytica demonstrated in fixed iron-hematoxylin stained preparations are included. 
We feel reasonably certain, then, that other confirming criteria which these 
patients exhibited objectively deserve greater consideration, as essentials to the 
clinical picture of amebic hepatitis, than the subjective impressions which have 
largely satisfied clinicians in the past. 

Examples of previous studies of amebic liver involvements may be cited. 
Ochsner and De Bakey (1943) reported on 181 cases of amebic hepatitis and ab- 
scess observed in the southern part of the United States. The relative frequency 
of cardinal symptoms and signs observed by them follows: 


Hepatic enlargement 
Loss of weight 
Diarrhea 

Nausea and vomiting 
Jaundice 


As in later reported studies by Conan (1948), and Sodemann and Lewis (1945), 
hepatic function tests, liver biopsies, sedimentation rates, and roentgen observa- 
tions of the right lower pulmonic area for pathologic changes were not frequently 
included or referred to in any manner. 

Sodemann and Lewis in 1945 have properly emphasized the possible occurrence 
of hepatic involvement. Their analysis of a group of 33 patients is based on diag- 
nostic criteria resting on collateral clinical findings. They noted the presence of 
intestinal amebiasis, certain roentgenologic signs, and the complement fixation 
test. Unfortunately, there has been no reliance put on the reliability of the com- 
plement fixation test by the majority of subsequent workers. Thus, Sodemann 
and Lewis were forced to rely largely upon the “clinical acumen” of the physician 
to rule out other causes of disease. Diagnoses based on such tenuous, subjective 
criteria are not objective enough to be weighed and confirmed by other workers. 
The final opinion as to whether amebiasis is the cause of hepatitis then rests on 
the acceptance of authority of the initial clinical observer, without full use of 
available laboratory aids by the initial observer to fortify his own opinions. 

Until it is possible to demonstrate FE. histolytica in hepatic tissue, as James 
(1928) had demonstrated in iron-hematoxylin preparations of amebas in small 
vessels of the liver (1928), it cannot be said with certainty that hepatitis due to 
active invasion of hepatic tissue is a pathologic entity. The portal vein is generally 
accepted as the major route of spread, according to Bostick (1953). Amebas have 
been encountered frequently in veins of the intestinal wall and in the central vein 
and sinusoids of the hepatic blood supply. After deposition in the liver, it is 
reported that thrombosis has sometimes been noted in the vessels around the 
ameba, according to Palmer (1938), and MacNeal and Klemperer (1925). 

Even the lymphatic channels to the liver have been reported to be invaded. 
But if the lymphatics serve as an effective route of spread, lymphoid metastases 
should be common. According to Boeck (1933), they are rare, and gross lymphatic 
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abscesses do not occur. Also, since the lymphatic channels between the large 
intestine and other regions where amebic infections are very rare, it seems un- 
likely that the lymphatics are important channels for spread of the ameba. 

Palmer’s (1938) report of peri-portal fibrosis, sometimes diffuse and sometimes 
patchy, has been confirmed by us (Plate 3). These pathologic changes have been 
interpreted as areas of invasion, with lodgment of amebic laden emboli which 
may later develop into abscesses. In our series no abscess of the liver was ob- 
served. It has been postulated that most of the amebas that localize in the liver 
are presumably destroyed before the changes they precipitate have progressed 
significantly. Palmer cites such healed areas of previous injury as scars which are 
evidence of episodes of amebic hepatitis. By use of specific amebicides which con- 
centrate in effective amounts in the liver, such as erythromycin or chloroquine, 
the parasites and the acute pathologic changes they induce may disappear and 
clinical-laboratory evidence of recovery follows. 


SUMMARY 


Twenty-nine of 371 patients found to have EL. histolytica demonstrated in iron- 
hemotoxylin stained preparations, had clinical-laboratory evidence of hepatic 
involvement. More objective criteria than hitherto used have been found helpful 
in the detection of hepatitis believed to be due to E. histolytica. Of the twelve 
tests and signs employed, six were significantly altered in one-third or more of 
the patients. These abnormalities were corrected on application of erythromycin 
stearate therapy, as described, in the majority of patients treated. 


Twenty-one patients out of 29 treated with erythromycin stearate (one re- 
ceived a combination of erythromycin and fumagillin) showed a favorable 
response in clearance of their liver disease. In the nine cases resistant to erythro- 
mycin therapy, subsequent therapy with chloroquine resulted in a good response 
in six and equivocal results in two. One patient did not respond to therapy. 
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SOME FACTORS RELATED TO ENTAMOEBA HISTOLYTICA 
GROWTH ON RICE PRODUCTS IN A SIMPLE MEDIUM 


E. CLIFFORD NELSON anp MURIEL M. JONES 
Department of Microbiology, Medical College of Virginia, Richmond, Virginia 


The need for a more simple cultivation medium in which to pursue studies 
on the growth requirements of FZ. histolytica has been stressed in many studies 
(Nakamura, 1953). A new approach appeared recently in tests which revealed 
that the major constituent of extract medium (Nelson, 1947), the extract itself, 
could be eliminated with only moderate decrease in E. histolytica multiplication. 
Continued indefinite maintenance on rice flour by serial transfer could still be 
achieved (Nelson, 1951). This demonstrated that a strain of EF. histolytica 
accompanied by a mixed bacterial flora can fulfill its nutritional requirements 
from a single source such as rice flour, a feature not observable heretofore in 
studies using media containing supplementary nutrients. The discovery that 
the extract could be omitted led to further tests regarding the other constituents: 
the agar slant, phosphate buffered saline (pH 7.4), and rice flour. These have 
led to the preparation of a simple medium facilitating tests of rice products in 
the absence of other nutrients and to the study of certain other factors associated 
with the growth and multiplication of EZ. histolytica accompanied by a mixed 
bacterial flora. The present report deals with these studies. 


MATERIALS AND METHODS 


Stock strain and maintenance. A strain of E. histolytica isolated from a case of 
amebic dysentery at the Medical College of Virginia Hospital in 1947 has been 
used in these studies. The stock has been maintained in egg yolk alcohol extract 
medium (Nelson, 1947) with sterile Bacto-Rice Powder supplement. Cultures 
are carried in 15 X 125 mm. test tubes, and transfers are made at four to six 
day intervals. A mixed bacterial flora of several gram negative rods and a 
streptococcus has accompanied the strain since its isolation. 

The procedure followed in most of the tests was as follows: test series of 
cultures were inoculated equally from stock culture source. Each test series was 
carried through five or more serial transfers. For the most part, a five-passage, 
20-day test routine was followed. The growth response was determined by 
examination of pipette samples from cultures and populations recorded as + 
to +++-+ (Nelson, 1947). When a specific count was desired, the culture 
was stirred vigorously and the amebae in 0.05 ml. samples counted. 


OBSERVATIONS 


Extract medium (Nelson, 1947) is composed of an agar slant containing ex- 
tract of egg yolk or liver, overlaid with phosphate buffered saline. Rice flour 
made by grinding rice is added to the medium before inoculation. Bacto-Rice 
Powder, an unpolished rice flour, is satisfactory and gives better growth than 
pure rice starch. 

The role of the extract component. In some earlier studies (Nelson, 1948; 1949; 
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TABLE 1 
E. histolytica growth on rice flour with different amounts of extract in agar slant 
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1950; 1951) the role of the extract component was explored. The extract was 
found to be essential when pure rice starch is used as a culture food. However, 
if rice flour such as Bacto-Rice Powder is used as food, the amebae can survive 
omission of the extract. Table 1 shows the relation of quantity of extract to 
growth with unpolished rice flour (Bacto-Rice Powder). Although a diminished 
growth response appears with less than 0.1 ml. extract, continued maintenance 
of E. histolytica is obtained even with omission of the extract. The extract, al- 
though essential to growth of EZ. histolytica in the presence of pure rice starch, 
has only supplementary value in the presence of unpolished rice flour. The 
nature of this supplementary value has not been determined. 

The role of the agar slant. The agar slant was introduced originally as a com- 
ponent of extract medium (Nelson, 1947) to serve as a solid base for holding the 
extract. Although extracts in liquid suspension were adequate in the cultivation 
of other organisms (Nelson, 1939; 1943) and for initial isolation of ameba, 
continued maintenance of EZ. histolytica was assured only after the medium was 
modified by the addition of the agar slant. Earlier it was thought that the effect 
of the agar slant was essentially a physical feature related to holding the lipoidal 
globules of extract. Tests showed, however, that the agar slant exerts its effect 
even when the extract is suspended in the overlay. Omission of the agar slant 
is followed by death of the amebae in one or two transfers. Furthermore, a rela- 
tion between quantity of agar slant and growth of amebae was found. The 
results of a test series is shown in Table 2. Originally a convenient 2 ml. amount 
of agar slant was used. As shown in Table 2, better growth follows use of at least 
3 or 4 ml. and with little or no agar slant, death soon follows. 

From these results it appears that even a non-nutrient agar slant is capable 
of assisting the culture growth of E. histolytica either directly or indirectly. A 
number of tests were made to obtain evidence on the nature of the property or 
factors supplied by agar. 

The presence in the agar (Bacto-Agar) of a growth promoting factor was con- 
sidered. Purified agar' prepared by the procedure of Robbins (1939) was tested 


1 We are indebted to Dr. J. Douglas Reid, Department of Microbiology, Medical College 
of Virginia, for this agar. 
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TABLE 2 
E. histolytica growth on rice flour with different amounts of two per cent Difco agar slant 





Ml. 2% agar | Ameba population per serial passage 
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TABLE 3 
Response of E. histolytica to MgSO,-7H:0 addition to purified agar 





~— Ameba population per serial transfer 
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in parallel with unpurified and found to be greatly reduced in its growth sup- 
porting ability. In an effort to account for this loss in activity, a spectrographic 
analysis of Bacto-Agar® was obtained, and before purification this showed the 
presence of a small amount of magnesium and a trace of calcium. Tests were 
run, therefore, to observe the effect of magnesium replacement. Table 3 presents 
the results obtained from addition of magnesium sulfate to purified agar slants. 
Phosphate buffered saline was used as overlay and rice flour as food. It was 
found (Table 3) that the growth supporting ability, previously noted with un- 
purified agar, is restored by the magnesium addition. Additional tests were run 
to investigate the nature of this effect. When soluble magnesium salts are 
added to phosphate buffered saline with or without agar, a reaction takes 
place resulting in formation of a particulate precipitate of magnesium phosphate. 
A small amount of precipitate, possibly magnesium phosphate, forms even in 
phosphate buffered saline solutions of unpurified Bacto-Agar. Evidence that 
magnesium phosphate precipitate will assist growth of E. histolytica was obtained 


* Obtained through the courtesy of Sidney Kaye, Toxicology Laboratory, Commonwealth 
of Virginia. 
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TABLE 4 


E. histolytica growth on rice flour with purified agar slant and magnesium sulfate in overlay 
solution 
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TABLE 5 


E. histolytica growth on rice flour in magnesium sulfate-phosphate buffered saline solution 
without agar slant 





Rincstines Ameba response per serial passage 
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by several types of tests. A test showed that medium composed of an overlay 
of precipitated solution of magnesium sulfate-phosphate buffered saline over 
purified agar slants gives growth only slightly inferior to that obtained when the 
magnesium sulfate is included in the agar slant (Table 4). It appeared from this 
that possibly the agar slant can be omitted if the magnesium phosphate pre- 
cipitate is present. In this test (Table 5) the medium consisted simply of tubes 
of magnesium sulfate-phosphate buffered saline solutions and rice flour. The 
results indicate that the magnesium phosphate precipitate is the factor assisting 
growth. However, comparison of the results obtained from the precipitate in 
the agar slant and in liquid suspension indicate that a larger amount of pre- 
cipitate is required in the latter and that minute amounts have greater activity 
when held suspended in an agar base. Other magnesium salts such as chloride 
and acetate gave results similar to magnesium sulfate. 

A more adequate demonstration of the effect of magnesium phosphate pre- 
cipitate on growth was provided by an additional series of tests. In these, pre- 
pared dibasic magnesium phosphate (Mallinckrodt) was used instead of depend- 
ing on the reaction of soluble magnesium salts with the phosphate in the buffered 
saline to produce the insoluble magnesium phosphate precipitate. By using 
prepared magnesium phosphate, we avoided this reaction and possible modifica- 
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tion in concentration of the phosphate buffer. In tests comparable to those made 
with soluble magnesium salts, dibasic magnesium phosphate proved to be more 
reliable and give better growth of EZ. histolytica. Two ml. agar siants with one 
per cent dibasic magnesium phosphate usually give four-plus growth in four to 
seven days and may live ten to twelve days. This is a marked improvement over 
slants without magnesium phosphate. A greater amount than one per cent 
magnesium phosphate in the agar does not improve the response but as much as 
five per cent has no deleterious effect. In additional tests the agar slant was 
omitted and the dibasic magnesium phosphate suspended in the phosphate 
buffered saline. In test tubes of 5 ml. of this simple medium with rice flour as 
food, growth is related to the amount of dibasic magnesium phosphate in the 
culture. With as little as 10 mg. magnesium phosphate per culture (0.2 per cent 
suspension), lines occasionally survive for many transfers; but to obtain four- 
plus growth 100 mg. per culture is needed and as much as 500 mg. is tolerated. 
It is thus apparent that about five times more magnesium phosphate per culture 
is required to obtain four-plus growth when it is used in phosphate buffered 
saline suspension than is required when used in agar suspensions. The liquid 
suspensions are not as reliable as the agar base medium. In the liquid medium 
lines often diminish in growth in a month (five day transfers) and fail to maintain 
themselves indefinitely. 

In view of these studies on the role of the agar slant, the tentative conclusion 
is reached that the growth promotion exerted by unpurified Bacto-Agar may be 
related to a particulate precipitate, possibly magnesium phosphate, rather than 
the agar itself. Supporting evidence was obtained in tests involving addition of 
magnesium phosphate to medium with and without agar. The manner in which 
magnesium phosphate influences the growth of E. histolytica under the condi- 
tions of these tests has not been determined. Some preliminary observations 
indicate that the effect is not necessarily peculiar to magnesium phosphate but 
may be produced with other insoluble particulate substances. The fact that 
magnesium phosphate is more effective when held suspended in agar may be 
related to its mode of action. 

Rice products and the cultivation of E. histolytica. Rice starch was introduced 
as a component of E. histolytica cultivation media by Dobell and Laidlaw (1926) 
and later Cleveland and Collier (1930) showed that unpolished rice flour gave 
better growth. Studies to evaluate the relation of these products to E. histolytica 
growth have been reported by Spingarn and Edelman (1950) and Michaelson 
et al. (1953), and incidental observations have been reported by many investi- 
gators. In all these studies complex media containing additional nutrients have 
been used. Our establishment of FE. histolytica in a medium lacking other nutrients 
presents a unique opportunity for more critical evaluation. Many investigators 
have failed clearly to define their rice products. Some have used commercial 
rice starch, others have prepared relatively pure rice starch, and many have 
used Bacto-Rice Powder, an unpolished rice flour. 

The rice products we have tested are defined with reference to their origin 
from the rice kernel. Rice as it comes from the plant is covered by a siliceous hull 
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which is removed by threshing. The brown kernels obtained are covered with a 
pericarp or bran layer composed of several layers of cells, which are closely 
joined by cell layers to the internal core, the endosperm, of starch cells con- 
taining the starch grains. At one end of the kernel in a small depression, the 
germ or embryo of the seed is located. Brown rice is usually given further milling 
to remove the bran coat. Present day unpolished rice is rice from which only the 
bran coat has been removed but the polish coat still remains. In milling some of 
the germ is removed with the bran and the rest in a final milling which removes 
the polish coat. Polished rice thus consists only of the core of the kernel, the 
endosperm, composed of starch cells containing starch grains. Rice starch is 
obtained by grinding polished rice followed by processing to separate the starch 
grains from the matrix of starch cell walls and protein material cementing the 
grains together. 

There are great differences in the chemical composition of the different layers 
obtained from the rice kernel. Analyses (Jacobs, 1944; Winton and Winton, 1932) 
show some variability; but in general, the protein content is as follows: bran 
coat, 9 to 11 per cent; polish, 10 to 15 per cent; germ, 10 per cent, endosperm 
(polished rice) 7 to 9 per cent; pure rice starch, 0.8 per cent. The carbohydrates 
are not uniformly distributed. In the intact kernel the starch is confined to the 
endosperm and polished rice is about 77 per cent starch. Reducing-sugar and 
disaccharide total 3 to 4 per cent in polish, 5 to 6 per cent in bran, and only: 
0.2 to 0.3 per cent in the endosperm (polished rice). Fats similarly are largely 
limited to the outer coats with 7 to 10 per cent in the polish and 9 to 15 per cent 
in the bran and only 0.04 to 0.5 per cent in the endosperm (polished rice). 
The bulk of the mineral and vitamin content of rice is also concentrated in the 
outer coats and polished rice contains relatively small amounts. It is apparent 
from these analyses that marked differences in composition are inherent in 
products such as rice flour from ground unpolished or brown rice and pure rice 
starch, the two types of products most commonly used. 

Cleveland and Collier (1930) and later workers have noted that better growth 
may be obtained from unpolished rice flour such as Bacto-Rice Powder than from 
rice starch. However, since previous investigators have used media containing 
additional nutrients, it has not been noted that in the presence of a suitable 
bacterial flora and other conditions, rice flour will fulfill the nutritional require- 
ments of E. histolytica while rice starch will not. In view of the extensive use of 
rice products the following studies were made to obtain a more adequate un- 
derstanding of the relative value of these products in the cultivation of Z. 
histolytica. In the following studies we have tested rice bran, rice polish, un- 
polished rice flour, polished rice flour, and pure starch. These products were 
obtained from a variety of commercial sources or prepared in the laboratory in 
the course of the studies. 

Each product was tested for its growth supporting ability in agar slant medium. 
The agar slants were supplemented with two per cent dibasic magnesium phos- 
phate and phosphate buffered saline (pH 7.4) was used as overlay. The rice 
products were sterilized by autoclaving batches of the dry powders in test tubes. 
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Initial tubes of the series were inoculated from stock culture source and serial 
transfer made at four or five day intervals. Test series were carried for periods up 
to six months. The results are summarized below. 

Rice bran. This product as obtained from milling firms consists largely of the 
siliceous pericarp but a small content of the polish coat is inevitably present. In 
a series of tests using samples relatively free of other constituents of the rice 
kernel we found this component to be inert as a culture food. Growth is not ob- 
tained and the amebae seldom survive more than two or three transfers. The 
addition of a small amount of rice bran to rice flour cultures proved neither del- 
eterious nor helpful. Under the conditions of these tests it thus appears that 
rice bran does not become available or lacks nutrients essential for the growth of 
E. histolytica. 

Rice polish. The high nutrient value, particularly in protein content, of this com- 
ponent of the rice kernel would suggest its usefulness as a culture component. 
Some mill samples we received were relatively free of other portions of the grain 
such as the starchy endosperm. In tests utilizing finely milled polish as the food 
component of cultures, this material did not prove as useful as expected. Growth 
in initial tubes is usually excellent; but with succeeding transfers growth dimin- 
ished and although amebae may persist for several weeks of transfers, continued 
maintenance is uncertain. Several factors appear to contribute to this. Bacterial 
growth is heavy and may be deleterious. A deficiency of starch and other 
materials associated with the endosperm of the kernel may be a contributing 
factor. We found that the addition of rice polish to rice flour cultures tends to 
produce harmful bacterial overgrowth. Rice polish in moderate amount as it 
occurs in unpolished rice flour is apparently not harmful. 

Unpolished rice flour. We tested a number of commercial unpolished rice 
flours such as Bacto-Rice Powder and several lots prepared in the laboratory by 
grinding unpolished or brown rice. These all gave uniformly satisfactory growth 
and indefinite maintenance of our strain of EZ. histolytica with its associated 
bacterial flora. The success of this product may relate to the restrained bacterial 
growth, apparently limited to a level which is optimal for EZ. histolytica growth. 
Additional aspects with respect to this rice product will be discussed at the 
conclusion of this section. 

Polished rice flour. Peculiarly enough, this product has not received attention 
by previous workers who have used either unpolished rice flour or pure starch. 
Polished rice flour differs from unpolished rice flour primarily in the content of 
polish but differs quite markedly from pure rice starch. It has a significant 
protein content (7 to 9 per cent) derived from the starch storing cells and protein 
matrix of the endosperm or starchy core of the kernel. This matrix material is 
eliminated in the process of preparing pure rice starch. For test we prepared 
polished rice flour from a number of types of polished rice. Growth of E. histolytica 
with this product proved to be essentially equivalent to growth with unpolished 
rice flour. 

Pure rice starch. In preparing pure rice starch the granules are freed of the 
surrounding cellular and protein material and pure rice starch contains virtually 
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no protein. Some previous workers, using nutrient media for EZ. histolytica culti- 
vation, have found rice starch and rice flour may give similar growth. The 
apparent equivalence of these two products when used in nutrient media has led 
to the interchange of the terms “rice starch” and “rice flour” in some reports. 
In our tests pure commercial rice starch, a product consisting of discrete rice 
starch granules, was used. The tests showed that rice starch, free of other com- 
ponents of the rice kernel, is not adequate for support of growth of E. histolytica. 
From visual and microscopic examination of cultures it is apparent that even the 
bacterial flora show a very poor response. Rice starch thus requires 
supplementary nutrient to provide support for E. histolytica and the associated 
bacterial flora in our agar-magnesium phosphate-phosphate buffered saline 
medium. The results obtained with polished rice flour indicate that the required 
nutrient supplement can be provided by the matrix material between the starch 
granules in the rice kernel and also that the polish coat material of the kernel is 
not essential. In some tests involving addition of polish to pure rice starch, there 
appeared some evidence that the lack of the matrix material may lead to in- 
ferior growth even in the presence of the polish. This merits further study. 

The comparative tests of the various rice products were all made in the medium 
composed of agar slant containing two per cent added dibasic magnesium phos- 
phate overlaid with phosphate buffered saline. Some additional tests were made 
in which the agar slant was omitted. Medium was made by placing 200 mg. of 
dibasic magnesium phosphate and about 20 mg. of the dry rice product in tubes 
and sterilizing by autoclaving. To this, five ml. of sterile phosphate buffered saline 
was added. In medium prepared in this manner the growth response of E. 
histolytica to different rice products was similar to that in agar medium. How- 
ever, continued maintenance for long periods with the successful products, the 
unpolished and polished rice flour, is not as consistently certain as in medium in 
which the dibasic magnesium phosphate is suspended in the agar slant. Sub- 
cultured lines were maintained for several months in some instances, but in 
others growth declined after six or seven transfers over about a month and could 
not be maintained. This appears to be due to decline in the accompanying bac- 
terial flora. For this reason we have found the agar medium, with dibasic mag- 
nesium phosphate incorporated in the agar, preferable to liquid medium con- 
taining a suspension of a large amount of dibasic magnesium phosphate. In view 
of the results we have obtained, further study of relation of particulate material 
such as dibasic magnesium phosphate to growth of E. histolytica on nutrient such 
as rice flour is warranted. 


DISCUSSION 


In complex media factors affecting the growth of an organism are prone to be 
obscured. The development of a more simple cultivation medium capable of 
supporting growth of LZ. histolytica on rice flour without other added nutrient and 
the use of this medium to elucidate some factors in growth ordinarily hidden by 
more complex media are the primary contributions of these studies. A simple 
medium easily prepared from a few components resulted from the elimination of 
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extract from extract medium. It is composed of an agar slant containing two per 
cent dibasic magnesium phosphate overlaid with phosphate buffered saline 
(pH 7.4) solution and a small amount of unpolished or polished rice flour. In this 
medium the growth response of E. histolytica is equal to that obtained in extract 
medium (Nelson, 1947; McVay et al., 1949; Laird et al., 1949). Among findings 
attributable to the simplicity of the medium is the evidence that a particulate 
material such as dibasic magnesium phosphate may serve in an accessory capacity 
to assist EL. histolytica growth. This suggests the possibility of the activity of 
certain physical factors under the conditions provided by the medium. On the 
basis of this evidence we were able to associate the growth response with particu- 
late magnesium phosphate. Tests showed that even the agar component can be 
omitted, but only if a very large quantity of magnesium phosphate powder is 
added to the phosphate buffered saline component. Other workers have ex- 
plored with less success in more complex media the possibility of activity of 
particulate materials (Anderson and Hansen, 1947). It now appears possible that 
solid surface or particle effects such as those observed to occur in bacterial 
cultures (Lamanna and Mallette, 1953) may be involved as factors in growth of 
E. histolytica in some or all presently used media. 

In our series of studies to test the nutritive value of various components of the 
rice kernel such as the bran, polish coat, unpolished rice flour, polished rice flour 
and starch, we were able to clarify further the status of rice products in the 
cultivation of E. histolytica. This was possible for two reasons: E. histolytica 
will grow on unpolished rice flour in the magnesium phosphate agar-phosphate 
buffered saline medium and the medium lacks any other form of added nutrient, 
a mixed bacterial flora being the only other constituent. In the large array of 
previous medium studies dealing with rice products (Spingarn ef al., 1950; 
Michaelson ef al., 1953; Nakamura, 1953), additional nutrients have been present 
and have obscured the role of the rice product. In view of our tests we feel re- 
ports should carefully specify the type of rice product used in £. histolytica 
culture studies. For purposes of identification we have followed the terminology 
in two major works on foods (Jacobs ef al., 1944; Winton and Winton, 1932). 

In our studies it was found that in magnesium phosphate agar-phosphate 
buffered saline medium pure rice starch will not support growth of EF. histolytica. 
The successful use of this product in more complex media can be attributed to 
the added supplementary nutrients. We found, however, that flour made by 
grinding polished rice will support growth. This flour differs from pure starch in 
that it contains, in addition to the starch granules of the endosperm, the protein 
matrix which comprises about 7 to 9 per cent of the endosperm. Polished rice 
flour was found to be as effective as unpolished rice flour such as Bacto-Rice 
Powder. The most notable finding from these studies is the demonstration that 
unpolished and polished rice flour support FE. histolytica growth in the absence of 
other added nutrient, an observation not demonstrated in the course of studies 
with previously used media containing supplementary nutrients. It thus appears 
that more definitive information on the food requirements of EZ. histolytica may 
be derived by study of the constituents accompanying the starch granules in the 
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endosperm. Unpolished rice flour contains in addition to endosperm the rice 
polish coat and some rice germ. Our tests of the polish coat showed this product 
is apparently inadequate without starch granules and possibly also requires in- 
clusion of the endosperm protein matrix material. Polish, however, gives intensi- 
fied bacterial growth which may obscure its actual value to the amebae. The 
remaining constituent of the rice kernel, the bran coat, was found to be inert. 

It is recognized throughout these studies that the bacterial flora accompanying 
the strain of E. histolytica has an important role in the growth obtained in the 
medium. It is expected that the simplicity of medium and conditions and factors 
elucidated by these studies may afford an improved opportunity of gaining new 
insight into the role of the bacterial component. 


SUMMARY 


These studies have led to the cultivation of Entamoeba histolytica in a simple 
medium limited in nutrient to rice flour. The inclusion of other nutrients in media 
used heretofore has hindered adequate observation of the growth-supporting 
capabilities of this substance. 

The medium, magnesium phosphate agar-phosphate buffered saline, is com- 
posed of an agar slant containing two per cent dibasic magnesium phosphate 
overlaid with phosphate buffered saline (pH 7.4). If sterile rice flour is added as 
food, E. histolytica accompanied by a mixed bacterial flora can be cultivated in- 
definitely by serial transfer at four to six day intervals. 

The medium was applied to study of nutrients in a series of tests to observe the 
growth response of LF. histolytica to a number of rice products. It was observed 
that rice bran will not support growth. Rice polish obtains survival for only a few 
transfers possibly because of intensified bacterial growth. Rice flour, ground from 
either unpolished or polished rice, will support growth and multiplication with 
serial transfer indefinitely. Pure rice starch will not support growth and survival is 
limited to a few transfers. The deficiency of this product may be due to the 
elimination of the intergranular protein matrix associated with the starch 
granules in the rice kernel. 

Magnesium phosphate agar-phosphate buffered saline medium appears to 
meet the need for a simple easily prepared medium for use in £. histolytica 
growth studies. It should afford added opportunity for study of the role of the 
bacterial flora and other factors requiring elucidation in order to establish Z. 
histolytica in pure culture. 
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THE EFFECT OF OXYSTEROIDS ON TRYPANOSOMA CRUZI 
INFECTION IN MICE 
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There are numerous experimental and clinical reports concerning the lowering 
of the resistance of the host to bacterial, viral and fungal infections. Similar 
studies in parasitic diseases indicate that cortisone induces acute fatal Trypano- 
soma cruzi infection in baby rats (Seneca, 1952) and mice (Christen e¢ al., 1951). 
Cortisone activates a latent natural trypanosomiasis in rhesus monkeys (Wolf 
et al., 1951) and fulminating fatal infection in mice with Plasmodium berghei 
and toxoplasma (Finlay et al., 1952). 

The present studies were undertaken to find out if there was any difference 
between cortisone and hydrocortisone in relation to 7. cruzi infection in mice, 
and to find an antidote which could neutralize the resistance-lowering effect of 
cortisone. 


MATERIAL AND METHODS 


The oxysteroids reported in these studies were cortisone acetate (17-hydroxy- 
11-dehydrocorticosterone—Cortogen, Schering), hydrocortisone acetate (17- 
hydroxycorticosterone—Cortril, Pfizer) and Compound § acetate (17-hydroxy- 
11-desoxycorticosterone, Pfizer). 

Four-to-six-weeks-old d b a mice were routinely used throughout these ex- 
periments. Trypanosoma cruzi (Culbertson) cultures were injected intraperito- 
neally, containing 800,000 to 1,200,000 trypanosomes in 0.2 ml. volume. The 
cultures were grown on Seneca hemoflagellate medium and were 10 to 12 days 
old. 

Experiment 1: Trypanosome controls. A total of 21 d b a mice were kept as 
controls. The blood from the tail was daily examined in wet preparations, because 
it was easier to detect the motile trypanosomes. Occasionally smears were stained 
with Wright’s stain. 

Experiment 2: Compound S controls. Ten mice were infected with T. cruzi. 
Two were kept as trypanosome controls, but the remaining eight were injected 
with 2.5 mg. Compound §, which was repeated after 24 hours. A second batch 
of 12 mice were similarly infected, two of which were kept as trypanosome con- 
trols but the remaining ten were injected with 2.5 mg. Compound §, which was 
repeated every 24 hours until four doses were administered. The blood of all 
mice was examined daily for the presence of trypanosomes. The survival time 
of mice was recorded. 

Experiment 3: Cortisone controls. Twenty mice were infected, two of which 
were kept as trypanosome controls. The rest were injected with 2.5 mg. cortisone, 
which was repeated after 24 hours. The blood was routinely examined every day, 
and the survival time was recorded. 
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Experiment 4: Hydrocortisone controls. Twenty-four mice were infected, four 
were kept as trypanosome controls, but the remaining 20 were injected with 
2.5 mg. hydrocortisone, which was repeated after 24 hours. Blood smears were 
examined daily, and the survival time of mice was recorded. 


Compound S followed by cortisone 


Experiment 5: Twenty-two mice were infected, two of which were kept as 
trypanosome controls, but the remaining 20 were injected with two doses of 2.5 
mg. Compound § at 24 hours interval. Five days following the second dose of 
Compound §, two doses of 2.5 mg. cortisone were injected at 24 hours’ interval. 
Routine blood examinations were performed, and the survival time of the mice 
was recorded. 

Experiment 6: A batch of 23 mice were infected, two of which were kept as 
trypanosome controls, and the rest were injected with 2.5 mg Compound § at 
24 hours’ interval. Nine days following the second dose of Compound 8, two 
doses of 2.5 mg cortisone were injected at 24 hours’ interval. Routine blood 
examinations were carried on, and the survival time of mice was recorded. 

Experiment 7: A third group of 61 mice were infected, seven of which were 
kept as trypanosome controls. The remaining 54 mice were injected with two 
doses of Compound §, 2.5 mg. each, at 24 hours’ interval. Twenty-one days 
following the second dose of Compound §, 24 mice were injected with two doses 
of 2.5 mg. cortisone at 24 hours’ interval; 15 mice were injected with the same 
doses of cortisone 23 days following the second dose of Compound §; and another 
15 mice were injected with cortisone 26 days following the last dose of Com- 
pound §. 


RESULTS 


Table 1 shows the effect of oxysteroids on the resistance of d b a mice in- 
fected with Trypanosoma cruzi. T. cruzi of the strain employed did not give rise 
to fatal trypanosomiasis in d b a mice. A transient parasitemia evolved in about 
two weeks. All but one of the animals survived for a period of six weeks, a sur- 
vival rate of 95.2%. 

Compound § in two doses of 2.5 mg. each did not lower the resistance of mice 
to T. cruzi. A transient peripheral parasitemia evolved about the second week. 
One out of 18 treated mice died in the sixth week, a survival rate of 94.4 per cent. 

Two doses of 2.5 mg. cortisone at 24 hours’ interval markedly lowered the 
resistance of d b a mice to 7’. cruzi. The peripheral blood showed heavy para- 
sitemia within a week, and in two weeks only two out of 18 mice were alive. All 
mice were dead in four weeks. Immediately before death, the peripheral blood 
was teeming with trypanosomes. 

Hydrocortisone in two doses of 2.5 mg. administered at 24 hours’ interval 
markedly lowered the resistance of mice to 7’. cruzi. There were a few trypano- 
somes in the peripheral blood, while in cortisone-treated mice peripheral para- 
sitemia was very marked. Even before death, hydrocortisone-treated mice 
showed only a very mild to moderate peripheral parasitemia. A second point of 
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TABLE 1 
The effect of oxysteroids in mice infected with Trypanosoma cruzi 





Quan- No. of mice alive Per cent of mice 
Deus und — uy o in weeks alive in weeks 
injected) 9 | 4 





6 2 4 6 





Trypanosome control ~- 21 |21/21/21/21/20/21/100 |100 
Compound 8 5 mg x 2 


or 
5mgx4 18 {18/18)18/18|17/18 100 
0 

0 





Cortisone 2.5 mg x 2 18 | 2/18) 0/18 

Hydrocortisone 2.5 mg x 2 20 | 9/20) 0/20 

Compound § followed by | S 2.5 mg x 2 
cortisone in five days + 

E 2.5 mg x 2 20 | 0/20 

Compound § followed by | S 2.5 mg x 2 
cortisone in nine days + 

E 2.5 mg x 2 21/21/12/21/10/21 

Compound § followed by | 8 2.5 mg x 2 
cortisone in three or 


more weeks E 2.5 mg x 2 44/54\44/54/38/54| 81.4) 81.4/70.3 
































difference is that the mice treated with hydrocortisone lived longer, i.e., 45 per 
cent were alive after two weeks, but all were dead in four weeks. 

When cortisone was administered in two doses of 2.5 mg. each five days after 
similar doses of Compound §, a marked parasitemia followed within a few days, 
and all mice were dead in two weeks. If the administration of cortisone was de- 
layed nine days following Compound §, none of the mice died in two weeks, 
57.1 per cent were alive after 4 weeks, and 47.6 per cent were alive after six weeks. 
The trypanosomes were fairly common in the peripheral blood, but heavy para- 
sitemia was absent even just before death. In case the interval between cortisone 
and Compound § administration was 21 to 26 days, the mice tolerated the infec- 
tion much better, so that 81.4 per cent were alive after four weeks and 70.3 
per cent were alive after six weeks. The parasitemia was mild and transient. 


DISCUSSION 


Cortisone and hydrocortisone lowered the resistance of d b a mice to 7’. cruzt. 
Cortisone is apparently more depressant or toxic than hydrocortisone because 
with the former, 11.1 per cent of the mice were alive at the end of two weeks, 
while with the latter, 45 per cent were alive during the same period of observa- 
tion. Within four weeks both cortisone- and hydrocortisone-treated mice were 
dead. The former manifested marked peripheral parasitemia, but the latter had 
only mild peripheral parasitemia, even just before death. 

Compound § did not depress the resistance of d b a mice to 7. cruzi. When 
cortisone was administered within a short period of time following the adminis- 
tration of Compound §, none of the mice were alive more than two weeks; but 
if the interval between the administration of these two steroids was increased, 
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the survival time and rate were increased; thus the longer the interval, the 
higher the survival rate. 

The mechanism of protection by Compound § against the resistance-lowering 
cortisone in mice infected with 7’. cruzi is unknown. It is conceivable that the 
adrenal cortex or liver or both are capable of converting Compound 8 to some 
other steroid analog or antagonist which neutralizes the resistance-lowering 
effect of cortisone. It might require a week or more for this reaction to take place. 
It is also possible that Compound § is a nonspecific agent which may increase 
the over-all resistance of the host to infection. 


SUMMARY AND CONCLUSION 


Compound §S does not depress the resistance of d b a mice to Trypanosoma 
cruzt, but cortisone and hydrocortisone induce acute fatal trypanosomiasis. 
Whereas cortisone gives rise to marked peripheral parasitemia, and only 11.1% 
of mice survive more than two weeks, hydrocortisone induces a mild but tran- 
sient peripheral parasitemia with 45 % of mice surviving longer than two 
weeks. Compound § does not protect mice infected with 7’. cruzi against cor- 
tisone if the latter is administered within five days, but there is a partial and 
increasing protection against cortisone as the interval between administration of 
Compound § and cortisone is increased (9 to 26 days). 
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ACTIVITIES OF THE TRINIDAD REGIONAL VIRUS LABORATORY 
IN 1953 AND 1954 WITH SPECIAL REFERENCE TO THE YELLOW 
FEVER OUTBREAK IN TRINIDAD, B.W.I.! 


WILBUR G. DOWNS, THOMAS H. G. AITKEN, anp CHARLES R. ANDERSON? 


The Trinidad Regional Virus Laboratory was established early in 1953 as a 
joint project of The Rockefeller Foundation and the Health Department of the 
Government of Trinidad and Tobago. Its program is concerned with investi- 
gating the occurrence of viral activity—particularly of the arthropod-borne 
encephalitis viruses—in man, animals, and arthropods, and demonstrating the 
pattern of spread by means of epidemiological and investigative studies. 

Trinidad was selected as a site for virus studies for several reasons. It is stra- 
tegically situated as a hub of airline and steamship transportation. Being a 
tropical island, the southernmost of the West Indies (lying in the mouth of the 
Orinoco and originally connected with South America) it offers unique possi- 
bilities for studying viruses and virus distribution not only in the island itself, 
but also in the continent to the west and in the islands to the north. Trinidad, 
furthermore, offers a variety of ecological zones, all within easy reach of Port-of 
Spain, the capital city, by good roads. Another important factor is the presence 
of an industry producing solid CO, (dry ice) in Port-of-Spain. 

The only arthropod-borne virus diseases known from Trinidad were: (1) 
yellow fever, with the last reported outbreak in 1913-1914; (2) dengue, on the 
basis of poorly documented reports; and (3) Venezuelan equine encephalitis, 
with a single recorded outbreak in 1943. 

Blood specimens from over 4,500 humans were collected during the course of 
survey work in late 1953 and early 1954. Exploratory neutralization tests were 
done on 1,046 of these specimens by The Rockefeller Foundation Virus Labora- 
tories in New York. Tests were run to detect the presence of the following viruses: 
yellow fever, Bwamba fever, Ntaya, Zika, Semliki, Bunyamwera, West Nile, 
Anopheles A, Ilheus, St. Louis encephalitis, Eastern equine encephalitis, Vene- 
zuelan equine encephalitis, Japanese B encephalitis, dengue I (Hawaiian) and 
dengue II (New Guinea). Only the results of yellow fever testings will be dis- 
cussed here. 

Close to 400 human febrile cases also have been seen, and blood specimens 
have been obtained and tested for viral activity. Convalescent sera have likewise 
been obtained from about two-thirds of the patients. Again, yellow fever results 
only will be noted here. 

Insect collecting has been limited mainly to mosquitoes. Several collecting 
stations have been established on the island and over a quarter of a million iden- 
tified mosquitoes have been inoculated into mice. 


1 The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the Government of Trinidad and Tobago, the Colonial 
Development and Welfare Scheme, and The Rockefeller Foundation. 

2 Staff members, The Rockefeller Foundation Virus Laboratories. 
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TABLE 1—YELLOW FEVER 


Analysis of neutralization test results performed on sera of Trinidad residents, collected in 
1953 


Males Females 
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positive 


0 





SBESSRSERa 

















319 56 ; 375 

















*3 boys, 5 girls positive in age group 15-19. 


The program of planned investigation of virus activity was suddenly inter- 
rupted by the finding of active yellow fever infection on the island, and much of 
the 1954 activity of the laboratory was concerned with this disease. 

Yellow fever was last observed in Trinidad in 1914 (Trinidad and Tobago, 
1915). Yet the neutralization tests performed on 694 serum specimens collected 
in July-August 1953 showed, in addition to a high percentage of immunes in 
older people, eight immunes in young people between 15 and 20 years of age, 
from east-central Trinidad. Table 1 presents these data. 

In April, 1954, yellow fever virus was isolated by this laboratory from the blood 
of a patient from Cumaca (in the Northern Range) who was seen for mild un- 
diagnosed fever in the Arima District Hospital (Anderson, Spence, and Downs, 
1954). This sparked off a series of reactions not only in this laboratory but also 
in the local health department and internationally. 

Charles Kingsley (1871), in his book “At Last, A Christmas in the West 
Indies,” makes the statement that the monkeys in Trinidad died of yellow fever 
“the year before last, sensibly diminishing their numbers near the towns.” The 
year in question is probably 1869, when a yellow fever outbreak is recorded for 
Trinidad. Balfour (1914) mentions dead monkeys in relation to the 1913-1914 
Trinidad yellow fever outbreak near Brighton and La Brea, and speculates upon 
their connection with the disease. These items are thought to be the earliest 
known concerning the possible role of monkeys in yellow fever epidemiology, 
and both episodes originated in Trinidad. 

Following the finding of a human case, we were able to determine that monkeys 
were dying in the forests, and during July, August and September, 1954, six red 
howler monkeys (Alouatia seniculus insulanus Elliot) which had recently died 
were brought to the laboratory by hunters. A seventh was received in January, 
1955. Two at least were quite badly decomposed; yet yellow fever virus has been 
isolated from the livers of all seven monkeys (Anderson and Downs, in press). 
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Map 1. Ye.ttow Fever—Trinipap, B.W.I.—1954 


Isolation of virus from monkeys (Alouatta) and from mosquitoes (Haemagogus). 


(Note: inner outlines indicate approximate areas of occurrence of wild monkeys. 
Alouatta seniculus insulanus occurs throughout the range shown. Cebus apella occurs 
mainly in the eastern coastal fringe (Nariva Swamp)). 


Available evidence suggests that there has been an extensive epizootic this year 
in the howler monkeys of the island, killing off large numbers of them. Hunters 
also furnished two accounts of dead white-face or capuchin monkeys (Cebus 
apella Linn.). Map 1 illustrates localities where the finding of dead monkeys was 
verified by this laboratory and further indicates monkey distribution on the 
island. 

Neutralization tests were performed on the sera of 73 monkeys shot expressly 
for such testing from various forested regions of the island. Nineteen of 61 
Alouatia sera contained yellow fever neutralizing antibody and 7 of 12 Cebus 
sera showed similar evidence of immunity. Whether this immunity represents 
infection in the remote or recent past has not yet been determined. 

An intensive mosquito-collecting program was started in Cumaca in the North- 
ern Range where the first human case originated, and was operated there for 12 
weeks, through the end of July. Only ground collecting was done. No virus is- 
olations were made although over 118,000 mosquitoes, as well as smaller num- 
bers of other arthropods (including Phlebotomus, similiids, and ticks), were 
ground and inoculated into mice. These negative results may be a reflection of 
the fact that only 120 Haemagogus mosquitoes were caught. 

Late in August, routine mosquito collecting was begun in the Melajo Forest 
near Sangre Grande, in northeast Trinidad, where a dead monkey was seen falling 
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from a tree, and in the Charuma Forest near Tabaquite, in Central Trinidad, 
where another dead monkey was seen and where two confirmed human cases of 
yellow fever undoubtedly originated. 

The Melajo Forest station was operated for eight weeks by two men making 
collections at ground level and 67 feet up in a tree platform. Because of a mouse 
shortage, these collections were pooled. More than 6,000 mosquitoes were col- 
lected and processed (about 17 per cent being Haemagogus). Yellow fever virus 
was recovered eight times from pools of Haemagogus s. spegazzinit Brethés and 
once from a mixed pool containing 17 species of mosquitoes. These infected 
mosquitoes were collected from 17 August to 27 September, 1954. 

Collecting in Charuma Forest was carried on for nine weeks with a six-man 
crew. Ground collections only were made, and those in several localities within an 
area roughly two miles square. Over 110,000 mosquitoes were caught (about 4 
per cent being Haemagogus). Yellow fever virus was recovered from 13 pools of 
Haemagogus s. spegazzinit which were collected between 8 August and 24 Sep- 
tember. Map 1 shows the location of mosquito-collecting stations. 

Inspections were made for Aedes aegypti in houses with confirmed yellow fever 
cases as well as in those with some undiagnosed fever cases, but in several 
instances where actual captures were made, no virus was isolated. 

There is an incomplete list to date of 15 human cases of yellow fever, as follows: 


1 death confirmed by pathological examination only 
3 deaths confirmed by pathological examination and by isolation of virus from 
liver tissue (Anderson and Wattley, in press) 
11 cases—not fatal—confirmed by isolation of virus from the patients’ blood 


The first human case was seen on 22 April, 1954; the next on 27 July. Four cases 
were seen in August, including one case in Port-of-Spain; six cases in September; 
and two cases in October, the last human case being seen 6 October, 1954. Map 
2 shows the location of human cases and deaths. 

In additional cases that were seen, no virus isolation was made, but a blood 
specimen taken from the patients early in illness showed no antibodies against 
yellow fever virus and a specimen taken a month or more later did show anti- 
bodies. These cases are, on serological evidence, certainly yellow fever. This 
group is at present receiving intensive laboratory study. 

One of the human cases was of particular interest, since circulating virus was 
detected in his blood on the twelfth day of disease (Downs, Anderson, and Spence, 
in press). 

At least three of the Trinidad human cases appear on epidemiological ground 
to be Aedes aegypli-transmitted, including the one case from urban Port-of- 
Spain. The remaining cases were probably all forest-acquired. Nevertheless, 
the occurrence of Aedes aegypti in suitable breeding containers, not only in the 
urban areas but also widely scattered throughout the island, with aegypti indices 
in rural houses as high as 70 per cent or more, makes it seem possible that some 
of the cases seen in forest workers in rural areas may still have been Aedes aegypti- 
transmitted cases. 
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Human Cases: confirmed by isolation of virus (14 cases) 
confirmed by pathological examination of liver (1 case) 
(Note: inner outlines indicate approximate areas of occurrence of wild monkeys.) 


Between April and October of 1954, yellow fever virus was recovered 6 times 
from Alouatta monkeys, 22 times from mosquitoes (all but 1 pool being Haema- 
gogus), and 14 timesfrom humans. With an additional monkey isolation in Janu- 
ary, 1955, this makes a total of 43 isolations of virus. Each strain isolated has 
been confirmed in specificity tests using known monkey yellow fever immune 
serum. 


DISCUSSION 


There has been much speculation recently as to whether yellow fever has been 
present in Trinidad continuously since last reported in 1913-1914, or whether 
it is reintroduced sporadically from the neighboring South American mainland. 
The only thing definitely known is that soon after the establishment of the virus 
laboratory, the disease was picked up. 

Some evidence exists to support the hypothesis that yellow fever was recently 
reintroduced. First, eight immunes in the age group 15-19 years may indicate 
that there was an introduction of the disease 15 or more years ago. Although no 
history of an outbreak at that time can be unearthed, two reliable accounts of 
dead monkeys seen in the mid-1930’s have been obtained. Furthermore, no 
immunes were found in a group of 134 children below the age of 15. Second, a 
recent outbreak of yellow fever in Venezuela, centered in the eastern states 
nearest to Trinidad, has been reported. The earliest cases in this outbreak, 
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occurring to the south of the Orinoco River, are said to antedate the first Trinidad 
case of April, 1954. Third, there can be no doubt that there has been an epizootic 
killing many monkeys in 1954. Estimates have been made on the basis of frag- 
mentary evidence that as much as one-half or two-thirds of the population of 
Alouatta have died off. Dozens of hunters reported seeing dead monkeys during 
1954. We have not been able to obtain a single story of dead monkeys seen in 
1953, or indeed, prior to that, since the mid-1930’s. 

While it is interesting to speculate upon the possibility of passage of the virus 
from Venezuela to Trinidad by man, monkey, or mosquito, no proof is obtainable. 
The skeptic may maintain that virus was endemic and quiescent in both areas 
and was reactivated in both areas nearly simultaneously through mechanisms 
still unknown. 

The repeated isolations of virus from mosquitoes lend heavy support to the 
Haemagogus-monkey cycle in yellow fever transmission in the New World. An 
additional point of great interest is the relative ease with which Haemagogus 
are captured on the ground in Trinidad, and the frequent recovery of yellow fever 
virus from these ground-captured Haemagogus. Shannon, Whitman, and Franca 
(1938) made their original isolation of yellow fever virus from Haemagogus 
caught on the ground, but most of the later Haemagogus work has been done with 
mosquitoes captured in the forest canopy. 

Haemagogus s. spegazzinii is the only species of the genus that we have recog- 
nized thus far in the island. While not to be considered as a domestic species, 
during its peak months of August and September this mosquito may be a pest 
inside houses near the forest, entering freely and biting viciously in the daytime. 

In studies carried out on St. Patrick Estate in the Arima Valley, in a field 
station loaned to us by Dr. William Beebe and the New York Zoological Society, 
it has been observed that captures of this mosquito in the forest canopy exceed 
numerically those made at ground level, as has been shown in many regions. 
However, it is not at all uncommon to collect Haemagogus biting at ground level 
in the forest—particularly on sunny days—at a roadside, or in a clearing. Cap- 
tures may run as high as several hundred in a few hours’ collecting at ground 
level under favorable circumstances. The repeated isolations of yellow fever virus 
from Haemagogus biting at ground level point out that these mosquitoes in 
Trinidad must be feared by anyone entering the forest or even parking at the 
roadside. 

The Health Department of the Government of Trinidad and Tobago started 
an intensive anti-Aedes campaign in June 1954, and an island-wide immunization 
program in July 1954. By the time the epidemic was at its apparent peak, during 
August and September 1954, a large proportion of the residents in the forested 
areas of the island had received immunizations with 17D vaccine, and exten- 
sive Aedes aegypti control had been accomplished in the urban areas. Before the 
Health Department program had started, a large part of the island population 
had never been immunized against yellow fever (except for the considerable 
immunization of older inhabitants as a result of earlier epidemics) and Aedes 
aegypti house indices were high, both in urban and rural areas. The stage was 
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set for an explosive outbreak of yellow fever. Whether the Health Department’s 
prompt and vigorous campaign averted a serious epidemic will never be known. 
But the fortuitous finding of an early case in April, 1954, permitting a control 
campaign to be well under way before the epidemic peak was reached, may well 
have averted a major outbreak. 


SUMMARY 


Serological surveys of Trinidad residents by the Trinidad Regional Virus 
Laboratory demonstrated yellow fever immunes in eight individuals 15-19 years 
of age, and in a high proportion of older individuals. Yellow fever virus was iso- 
lated from a human case in April 1954. Subsequently virus isolations have been 
made from 13 other human cases, 7 red howler (Alouatia) monkeys which were 
brought in dead, 21 pools of Haemagogus mosquitoes, and 1 pool of mixed mos- 
quitoes—a total of 43 virus isolations. Yellow fever virus was repeatedly recov- 
ered from Haemagogus mosquitoes captured at ground level. 
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SINDBIS VIRUS: A NEWLY RECOGNIZED 
ARTHROPOD-TRANSMITTED VIRUS! 


R. M. TAYLOR, H. 8. HURLBUT, T. H. WORK,? J. R. KINGSTON, AND 
T. E. FROTHINGHAM? 


Departments of Virology and Entomology, U. S. Naval Medical Research Unit No. 3, Cairo, 
Egypt. 


Reference to this virus was first made in two preliminary publications (Taylor 
and Hurlbut, 1953; Hurlbut, 1953). The first paper dealt with the isolation of 
viruses from mosquitoes and the second with the experimental transmission by 
Culex mosquitoes of one of these strains (Ar-339). The term “Coxsackie-like” 
viruses was used—perhaps unfortunately—in referring to these strains. The term 
was used because all of the strains produced fatal infection in infant but not in 
adult mice, and most of them, including Ar-339, were ether-resistant and caused 
myositis of the skeletal muscles. It was soon realized, however, that Ar-339 pos- 
sessed other characteristics not in common with the Coxsackie group and an 
addendum to this effect was appended to these publications. Subsequent studies 
indicated that Ar-339 was a hitherto undescribed virus; it was therefore provi- 
sionally designated as “Sindbis” virus, the name of the Egyptian village where the 
mosquitoes from which the virus was first isolated were captured (Taylor, 1953). 

The purpose of this communication is to give a more adequate description of 


the agent than has been given heretofore, and to supply information bearing 
upon its behavior in nature. 


ISOLATION 


The virus was first encountered in August, 1952, in a group of 63 Culux pipiens 
and/or Culex univittatus mosquitoes captured by light-trap in the Sindbis health 
district, situated some 30 kilometers north of Cairo. At that time a distinction 
was not being made between pipiens and univittatus, but subsequent captures 
have shown that during this season of the year (i.e., midsummer) pipiens is rare; 
it is therefore probable that most if not all of the mosquitoes in the group from 
which the virus was isolated were C. univiitatus. 

The isolation was made by inoculation of a suspension of the triturated mos- 
quitoes into three-day-old mice. The virus has since been isolated repeatedly 
from mosquitoes and once from a juvenile hooded crow (Corvus corone sardonius). 


‘This study was conducted under the auspices of the Ministry of Public Health of the 
Egyptian Government and the U. 8. Naval Medical Research Unit No. 3 (NAMRU-3), 
with aid from The Rockefeller Foundation, and latterly from the Office of Naval Research 
through a contract administered by the University of Chicago. 

The opinions or assertions contained herein are the private ones of the authors and are 
not to be construed as official or reflecting the views of the Navy Department or the Naval 
Service at large. 

* Present address: The Rockefeller Foundation Virus Laboratories. 66th Street & York 
Ave., New York 21, New York. 

* Present address: Children’s Hospital, Boston, Massachusetts. 
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TABLE 1 





Membrane pore size Source of membrane Titer of virus* 





300 2 2 10-74 
er >10-5-5 
79.4 rf <107 
45 .-¥. <107 


300 eS 1077-4 
100 Englandt >10-5-5 
77 England <10- 
30 England <10" 











* A 10-? dilution of the virus in buffered .5 per cent bovine albumin in .85 per cent NaCl 
was used for filtration. A titer of <10-* means that no virus was recovered from the un- 
diluted filtrate. 

t Obtained from The Rockefeller Foundation Virus Laboratories, New York, U.S.A. 

t Purehased from A. Gallenkamp & Co. Ltd., London, England. 


These isolations will be recorded and described in considering the natural history 
of the virus. 


SIZE 


Several filtration experiments were made with membranes of available pore 
size. The results have been consistent. Both 10 per cent normal rabbit serum and 
.5 per cent bovine albumin in buffered .85 per cent NaCl have been used as dilu- 
ents. The last experiment which is typical of preceding ones, and in which mem- 
branes from two different sources were used, gave the results shown in Table 1. 

The filtrate was passed serially from the larger to the succeeding smaller pore 
as listed. It will be noted that the end point is sharp and falls between pore sizes 
95.8 mu and 79.4 mu. This, according to Elford (1933), gives a particle size of 
the virus between 48 and 40 mu, which approximates the size of the equine 
encephalomyelitis viruses. Smithburn and Bugher (1953) found that the more 
recently isolated neurotropic virus from South America and Africa fell into two 
groups. One group, consisting of Anopheles A and B, Wyeomyia, Ntaya, Bwamba 
fever, and Bunyamwera viruses, ranged from 122 to 70 mu in particle size; the 
other group, comprising West Nile, Semliki forest, Kumba, Zika, Ilheus, and 
Uganda §, ranged in particle size from 15 to 30 mu. Thus, in size, Sindbis virus 
does not fall into either of these two groups but rather midway between. 


EFFECT OF CERTAIN CHEMICALS AND DRYING 


In our hands the virus has proved resistant to treatment overnight at 4°C. with 
20 per cent ether, and to incubation for one hour at 37°C. in a 1/1000 dilution 
of desoxycholate. Theiler (1953) has reported, however, that if the virus suspen- 
sion is previously centrifuged for }4 hour at 10,000 rpm it is sensitive to a 1/1000 
dilution of desoxycholate. 

Three experiments have been conducted on the effect of freezing and drying 
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the virus in 50 per cent normal rabbit serum. The average drop in titer resulting 
from freeze-drying was .9 logs. 

The virus is quite stable in liquid suspension at 0°C. A 10 per cent infected 
mouse muscle suspension which had an initial titer of 7.7 logs was stored at 0°C. 
and was found to have a titer of 7.6 logs on the forty-first day and 7.0 logs on the 
seventy-ninth day of storage. 


SUSCEPTIBILITY OF VERTEBRATES 
Mice 

Suckling white Swiss mice have proven to be the animals of choice for experi- 
mental purposes and all isolations of the virus have been made by inoculation of 
three-day-old mice. Mice from three to five days of age inoculated either intra- 
cerebrally (i.c.) or intraperitoneally (i.p.) succumb to infection within two to five 
days after a short period of paralysis. The titer of the virus in the brain of infected 
mice has ranged from 10~* to 10~7-*, depending upon the number of preceding 
passages and the route of inoculation. The titer by the i.c. route is usually .5 to 
1 log higher than by i.p. inoculation. With the increasing age of the mice the 
lethal effect of the virus rapidly diminishes and by the tenth day the virus is no 
longer consistently fatal. In ten-day-old mice the incubation period is longer and 
the period of paralysis is more extended. 

Although the virus produces brain lesions and titers slightly higher when 
inoculated i.c. than i.p., its growth is by no means confined to the central nervous 
system (CNS) as shown in the following experiment. Two groups of five-day-old 
mice were inoculated with 1000 LDso of virus. One group (A) received the inocu- 
lum i.c. and the other (B) was inoculated i.p. Twenty-four and forty-eight hours 
after inoculation three mice from each group were sacrificed and the concentra- 
tion of virus in the brains and muscles was determined by titration. The results 
are shown in the following tabulation: 





Virus titer expressed in logs 
Route of inoculation Time after inoculation 





Brain Muscle 





Group A ic. 


Group B ip. 














So far, attempts to adapt the virus toadult mice have not been entirely success- 
ful. Two methods were tried: the first, by blind passage in 21-day-old mice; and 
the second, by gradually increasing the age of the inoculated mice. Commencing 
with the sixth infant mouse passage, a group of six 21-day-old mice were inocu- 
lated i.c., and on the fifth day following inoculation three of the mice were sacri- 
ficed and a 10 per cent suspension of the removed brains passed to the next group 
of 21-day-old mice. The remaining three mice were held for further observation. 
Eight serial passages were thus made without producing paralysis or death in any 
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inoculated mice. However, the virus was retained during the passages and evi- 
dently multiplied, since the brains removed after the fourth passage gave a virus 
titer in infant mice of 10~*, and after the eighth passage a titer of 10-*-*. But as 
none of the adult mice died or became paralyzed, and as the titer of the virus 
tended to decrease rather than increase, the passages were discontinued. 

The second procedure of gradually increasing the age of the inoculated mice 
gave more encouraging results. By the nineteenth passage mice between 15 and 
18 days of age consistently succumbed to i.c. inoculation, but in 21-day-old mice 
the mortality was irregular. Owing to the press of other work the passages were 
suspended. 


Other vertebrates 


Experimental laboratory infection and the presence of neutralizing antibodies 
for the virus in blood sera collected in the field imply that a rather wide range of 
avian and mammalian species are susceptible to infection. However, except in 
young mice, induced infection is usually nonfatal and transient. 

Young adult rabbits and hamsters resist i.c. inoculation of 1000 infant mouse 
LDso of virus with no apparent ill effect, though they subsequently develop spe- 
cific humoral neutralizing antibodies. Most of the other trial infections in the 
laboratory have been done by exposing the experimental host to the bite of in- 
fected mosquitoes, since presumably mosquitoes are the main vectors of the virus, 
and it was desired to ascertain if infection could be acquired by the usual natural 
means. 

In Table 2 are shown the results of experimental infection of an Indian monkey 
(Macaca mulatia) and an African grivet monkey (Cercopithecus aethiops), chick- 
ens, a buff-backed heron (Bubulcus ibis), a hooded crow (Corvus corone sardonius), 
doves (Streptopelia senegalensis), and a domestic sheep. Except with the crow and 
the two doves, infection was attempted by permitting known infected mosquitoes 
to feed upon the experimental hosts. All except the sheep circulated virus and 
developed neutralizing antibodies. The titer of virus in the blood was usually not 
high but in the young (27-day-old) chicks the end point was not reached. Other 
experiments, recorded in the section on transmission of the virus by mosquitoes, 
demonstrated that in quite young chickens the concentration of the virus in the 
blood is adequate to infect mosquitoes. The neutralization tests, except in the 
two monkeys, were performed in chick cell tissue cultures using 100 LDso of virus 
(Frothingham, 1955—this issue). The sera from the monkeys were titrated and 
both were found to neutralize more than 4.5 logs of the virus. 

The heron and the crow died while still circulating virus, and virus was recov- 
ered from the brain and spleen of the heron; but whether death was due entirely 
to the virus infection was doubtful since a rather high mortality has been encoun- 
tered in these birds under captive conditions. 

Primarily for the purpose of determining the lethal effect of the virus in young 
chicks, one to three infected mosquitoes were allowed to feed upon each of nine 
seven-day-old chicks. An equal number of chicks of the same age were held as 
controls. One of the chicks in the infected group became ill and partially paralyzed 
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on the fifteenth day; it was sacrificed but no virus was recovered from the brain 
or spleen. One of the control chicks died during the thirty-day period of observa- 
tion. On the thirtieth day all of the surviving chicks were bled and the serum was 
tested for the presence of neutralizing antibodies. None of the sera from the con- 
trol group neutralized the virus but that from six of the eight chicks exposed to 
infected mosquitoes neutralized more than 2 logs. Thus young chicks may be 
infected by the bite of one to three mosquitoes as shown by the development of 
antibodies, but none of the proven infected chicks showed symptoms or died. 


EMBRYONATED HENS’ EGGS 


The virus is highly pathogenic to embryonated hens’ eggs. In seven-day-old 
embryos inoculated into the yolk sac, virus in dilutions up to 10~’ causes general- 
ized congestion, petechial hemorrhages of the integument and membranes, and 
death of the embryos in 24 to 72 hours. The allantoic fluid of embryos infected by 


inoculation into the allantoic sac does not produce agglutination of chicken red 
blood cells. 


TISSUE CULTURE 


The behavior of the virus in tissue culture has been rather thoroughly studied 
by one of us (TEF) and is the subject of a separate report (Frothingham, 1955). 
It will be sufficient to state here that the virus is highly cytopathogenic to out- 
growths of fibroblastic cells, especially in cultures of chick embryo tissue, and as 
will be referred to later, the tissue culture method has been successfully employed 
in performing neutralization tests. 

No cytopathogenic effects have been observed in the HeLa cell cultures fol- 
lowed for 9 to 12 days after inoculation. 


IMMUNOLOGICAL CLASSIFICATION 


Sindbis virus is not neutralized by immune sera of any of the following viruses: 
Eastern, Western and Venezuelan equine encephalomyelitis viruses, Semliki 
forest, Japanese B, Murray valley, Ilheus, Anopheles A and B, Bunyamwera, 
West Nile, Ntaya, Zika, Dengue 2, Encephalomyocarditis (EMC or Mengo), 
Bwamba fever, St. Louis, and Russian (SS). 

The most useful information bearing upon the immunological classification of 
the virus has been supplied by Casals and Brown (1954), who have shown by 
means of hemagglutination inhibition (HI) that most of the arthropod-trans- 
mitted viruses may be divided into one of two groups which they have designated 
as Group A and Group B. Group A, the smaller of the two groups, comprises 
Eastern, Western and Venezuelan equine encephalomyelitis viruses, and Semliki 
forest virus. It is into this group that Sindbis virus falls. Although HI and CF 
(complement fixation) methods reveal an antigenic component common to the 
group (Casals, 1955), Sindbis virus is distinguishable from other members of the 
group by quantitative titration, and it is easily differentiated by means of the 
neutralization test. 
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PATHOLOGY 

The study of the histopathological changes produced by the virus has been 
confined to infant mice, which were sacrificed when moribund or definitely para- 
lyzed. We are indebted to Drs. Paul K. Hamilton and R. M. Dimmette, succes- 
sively directors of the Department of Pathology at NAMRU-3, for making the 
examinations. The following description is abstracted from their reports on the 
examination of 20 mice infected with the virus either by the i.c. or i.p. route. 

The lesions observed were mainly confined to the CNS and the skeletal mus- 
cles. There was commonly diffuse involvement of the CNS manifested by varying 
degrees of neurolysis, focal cystic degeneration, and vascular dilatation. Cuffing 
was not common. The cord, though not consistently involved, showed neurolysis. 

The skeletal muscle of 16 of the 20 mice examined presented lesions of focal 
to diffuse degeneration and atrophy, and areas of focal necrosis, associated with 
an inflammatory response of the mononuclear type. Interstitial myocardial infil- 
tration was rare. Except for congestion of the lungs and liver the abdominal 
organs showed no significant pathology. 


EXPERIMENTAL TRANSMISSION BY ARTHROPODS 


The propagation in and the transmission by Culex mosquitoes of strain Ar-339, 
subsequently designated as Sindbis virus, has been reported (Hurlbut, 1953). 
By parenteral inoculation the virus was carried through five serial passages in C. 
pipiens. The mosquitoes were incubated at 28-32°C. and the length of incubation 
between passages varied from 3 to 15 days. On the fifth passage, when the series 
was voluntarily interrupted, the titer of the virus in the bodies of the mosquitoes 
was 10-**. It was also shown that both C. univitiatus and C. pipiens were able 
to transmit the virus from infected to normal infant mice by bite. In these experi- 
ments the mosquitoes were fed upon infant mice in which the blood titer of the 
virus was consistently above 10~’, and after an incubation period ranging from 6 
to 19 days the mosquitoes were tested by allowing them to bite normal infant 
mice. Of 23 mice bitten by C. pipiens, 17 became infected, and all of the 8 mice 
bitten by C. univittatus acquired the infection. 

While the above experiments clearly illustrated that the virus can be propa- 
gated in mosquitoes and that it can be transmitted by them from infected infant 
mice to normal infant mice, it was of interest to learn whether young chicks 
which may be exposed to infected mosquitoes in nature can in turn transfer the 
infection back to mosquitoes. 

Two young chicks, one and three days old, were bitten by infected mosquitoes, 
and on the following first and second days normal C. univittatus were fed upon 
them. The blood titers of the virus in the chicks at the time the mosquitoes were 
fed ranged from 4.7 to 6.8 logs. After incubation for 15 to 27 days at 28-32°C. 
the mosquitoes which had fed upon the chicks were allowed to bite infant mice. 
Six of eight mice so bitten became infected. Of 16 mosquitoes triturated individu- 
ally and injected into mice 15 to 32 days following the infectious meal, 5 proved 
to be infected. These data are presented in Table 3. 

The common chicken tick Argas persicus failed to become infected when fed 
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TABLE 3 
Transmission of Sindbis virus (Ar-339) from chicks to infant mice by bite of Culex univittatus 


. , : | : a 
Chicks upon which moquitoes fed | Mosquitoes tested after feeding on infected chicks 








Tested by transmission to mice by biting Tested by mouse inoculation 





acs Mosq. No. No. —_ No. No. 
Extrinsic Age A : 4 Extrinsic 
; , taki mice mice * mosq. mosq. 
incub. blood bitten | infected* incub. tested | infected 





days days 
22 32 
27 


20 31 
26 





16 28 
22 





15 
21 
































* Confirmed by passage. 


as larvae on a chick with a circulating blood titer of 4.6. Nymphs and adults of 
this tick did not become infected when the virus was introduced parenterally by 
puncturing the body of the tick, although C. univitiatus was readily infected by 
the same material and method. These ticks failed to yield virus when 10 per cent 
suspensions of their triturated bodies were inoculated into infant mice, and chicks 
bitten by the ticks did not develop a viremia. The data are presented in Table 4. 
By the same criteria the hippoboscid fly, Pseudolynchia canariensis, a pigeon 
parasite, failed to become infected when fed the blood of an infected chick. 


TABLE 4 
Attempts to infect Argas persicus with Sindbis virus 





Tests to recover virus 





Method of introducing virus By feeding upon chicks By inoculation into mice 
into ticks 





Extrin- | 
sic | No. Result 


. No. 
Extrin- 7 
7 ticks 
sic : Result* | ; 4 
, incub. | ticks 
incub. taking 30°C 





days days 

Parental (Punct.), 10%} 14 26 Neg. 27 Neg. 
mouse muscle suspen- 
sion, titer LDso 7.7 

Feeding chick blood to} 17 20 Neg. 19 Neg. 
larval ticks, titer LDs 
4.6 





























* Five mice subinoculated with blood in 10~? dilution after 48 and 72 hours’ incubation. 
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TABLE 5 


Transmission of Sindbis virus (strain Ar-339) to suckling mice by the bites of the tick 
Ornithodoros savignyi Audouin 





Extrinsic Mice bitten 
incubation, LD ticks 
28-32°C. 





Number bitten [Number infectedt 





days 
1 ll 5.0 
18 _ 
2 7 5.0 




















* Infected parenterally by the puncture method. 
t Confirmed by bacteria-free passage. 


The tick Ornithodoros savignyi did become infected when the virus was intro- 
duced parenterally by the puncture method and a titer exceeding 5.0 was reached 
in seven days. Three of nine infant mice bitten by these ticks became infected. 
The data are summarized in Table 5. 


ECOLOGY 


The available information on the ecology of the virus has been derived from 
isolation of the virus from natural sources, and from immunity surveys supported 
by experimental infection of vertebrates and transmission of the virus by arthro- 
pods. Results of attempts to isolate the virus from various sources and the im- 
munity surveys will now be given. 


VIRUS ISOLATIONS 


The methods employed in virus isolation and identification were briefly as 
follows: 
Arthropods 


Upon arrival at the laboratory, the arthropods were pooled according to classification 
(usually to species) and source. Each pool was triturated in a porcelain mortar with pestle 
and suspended either in .5 per cent buffered bovine albumin or 10 per cent inactivated 
normal rabbit serum in .85 per cent NaCl. The latter diluent was used mainly for mosqui- 
toes. The quantity of diluent added varied according to the number and size of the arthro- 
pods in the pool. For mosquitoes it varied from .05 ml. per mosquito, if the pool was large, 
to .2 ml. if the pool contained only a few specimens. The suspension was centrifuged for 
20 minutes at 2000 rpm and the supernate withdrawn for inoculation and storage. Infant 
mice one to three days of age were routinely employed for virus isolation. The inoculation 
was made by passing a 26-gauge needle under the skin between the shoulder blades into 
the occiput and injecting .02 ml. i. c., and then withdrawing the needle from the skull and 
injecting .03 ml. s.c. (subcutaneously). Thus each mouse of a litter of seven received a total 
of .05 ml. of the suspension, .02 ml. i.c. and .03 ml. s.c. No antibiotic was used in the first 
inoculum, but if the mice died from bacterial infection, a second litter of mice was inocu- 
lated after the addition of 400 units of penicillin and 2 mg. of streptomycin per ml. of the 
suspension. 

The mice were observed daily for a period of three to four weeks and any dying or be- 
coming manifestly ill were autopsied and a 10 per cent suspension of the brains prepared 
and cultured for bacteria. If the brain suspension was bacteriologically sterile, it was passed 
to a new litter of mice. If the passage of bacteria-free brain suspension consistently pro- 
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duced paralysis or death of the mice the presence of a virus was suspected and the problem 
of identification was then presented. The lethal effect of Sindbis virus upon embryonated 
eggs and its failure to kill adult mice usually gave a clue to its identity, but final identifica- 
tion was made by titration in mice (and/or tissue culture) against a known immune serum 
prepared from the prototype strain Ar-339. 

If a virus was isolated an attempt was made to confirm the isolation by reinoculation of 
the original arthropod suspension which had been preserved at — 20°C. 


Vertebrates 

With few exceptions the search for virus among vertebrates was limited to the inocula- 
tion of serum from freshly drawn blood. Occasionally when a pigeon or chicken was found 
that appeared to be ill, it was brought to the laboratory and the spleen and brain were 
examined for virus. 

The blood sera and organ suspensions (10 per cent) were inoculated into infant mice, and 
passages if indicated were made as previously described. The human bloods were collected 
in vacutainers and the bird bloods with syringe and needle by heart puncture. For proce- 
dure in collecting bird bloods see Work, Hurlbut, and Taylor in this issue (1955). All bloods 
were kept iced pending arrival at the laboratory, and inoculation of the separated sera was 
usually made within a few hours, and always within 12 hours, following withdrawal of the 
blood. 


In Table 6 is shown the number of specimens from vertebrates and hemopha- 
gus arthropods that have been examined for virus since the beginning of the 
study in the fall of 1951 to the end of 1954. The vertebrate specimens, consisting 
of 3,218 bloods from humans and 261 from avian species, were inoculated indi- 
vidually. The human bloods were collected from persons while in a febrile state, 
and most of them came from children residing in the Sindbis sanitary district. 


TABLE 6 


Number and nature of specimens examined for virus and number of isolations of Sindbis virus 
(1951-1954) 





No. of arthropod No. of Sindbis 


Nature of specimen No. of specimens pools inoculated vicus ieolations 





Vertebrates: (Blood specimens) 


3,218 
Hooded crow i boa ae 159 
Buff-backed heron. . ae 60 
i 34 

8 





Total vertebrates 





Hemophagus arthropods: 
Mosquitoes. .......... 
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The hemophagus arthropods are listed according to number of specimens and 
number of pools inoculated. Each pool contained varying numbers of arthropods 
of the same taxonomic classification. A total of 1,514 pools containing 71,718 
arthropods have been inoculated. The mosquitoes comprised the largest group 
both in number of specimens (51,939) and number of pools inoculated (1,004). 
The mosquitoes inoculated were composed of C. pipiens (11 per cent), C. univit- 
tatus (12 per cent), Culex antennatus (67 per cent), Aedes caspius (4 per cent) and 
Anopheles pharoensis (3 per cent) and undifferentiated C. pipiens and univittatus 
(4 per cent). All were captured in, or within the neighborhood of, the Sindbis 
sanitary district. 

The ticks, comprising 12 different species, were collected from many localities 
in the Nile Valley including the Sudan, but a large proportion were obtained in 
the same general environment as the mosquito collections. The fleas, lice (from 
both humans and lower animals), the mites (mostly from birds), and the sand- 
flies were collected in the Nile Delta, frequently not far from the area where the 
mosquito collections were made. 

Sindbis virus has been isolated on 13 occasions—12 times from mosquitoes and 
once from the blood of a juvenile hooded crow. Five of the mosquito isolations 
were made from C. univitiatus, four from C. antennatus, one from A. pharoensis, 
and two from pools of mosquitoes that were composed of either or both C. pipiens 
and C. univittatus. Since it is highly probable that the two latter pools consisted 
mainly if not exclusively of C. univitiatus, it may be inferred that seven rather 
than five of the isolations from mosquitoes were made from C. univittatus. No 
arthropod other than mosquitoes has yielded Sindbis virus, nor was it obtained 
from any of the 3,218 human bloods examined. For the purpose of comparison it 
may be stated that besides the 13 isolations of Sindbis virus, the inoculation of 
the vertebrate and arthropod specimens listed in Table 6 has yielded 145 other 
virus strains—71 from human bloods, 9 from birds, and the remainder from 
mosquitoes and ticks. Many of these strains have not been identified and are still 
under study. Of the identified strains, West Nile, Coxsackie, and Sandfly fever 
viruses have been isolated from human blood, and West Nile from a crow and two 
pigeons and from 21 pools of mosquitoes. 


SEASONAL INCIDENCE OF ISOLATIONS 


The Sindbis virus was isolated from mosquitoes during each of the three sum- 
mers covered by the study—on four occasions in 1952, five in 1953, and three in 
1954—and once from a crow in 1953. The monthly distribution of the isolations 
from mosquitoes was one in July, six in August, four in September, and one in 
October. This corresponds to the season when mosquitoes (with the exception of 
C. pipiens) are most prevalent. The isolation from the crow was made in June. 


IMMUNITY SURVEYS 


The immunity surveys here reported are limited to “‘spot sampling’ designed 
to give some idea of the vertebrate hosts of the virus and its geographical distri- 
bution as revealed by the presence of humoral neutralizing antibodies. 





SINDBIS VIRUS 855 


The tests were performed by the tissue culture method (Frothingham, 1955). Equal 
amounts of undiluted serum and an appropriate dilution of the virus were mixed, and the 
mixture was incubated for two hours at 37°C. One-tenth ml. of the mixture was inoculated 
into each of two tubes of a 24-hour chick embryo tissue culture. Each inoculum was calcu- 
lated to contain 100 minimum infective doses (MID) of the virus. The readings were made 
on the third day following inoculation. As a rule the presence of cytolysis, indicating no 
neutralization, or absence of cytolysis, indicating neutralization of the virus, was quite 
clear-cut in both tubes. Failure of agreement in the reading of the two tubes or lack of 
clarity of the reaction was recorded as “inconclusive’”’ and the test was repeated. If the 
second test also proved inconclusive the result was so recorded. Inconclusive reactions 
have not been included in the tables which follow. 


The sera were not inactivated by heat, but for reasons to be given later the oldersera were 
“reactivated” by the addition of an equal amount of fresh normal human serum. 

The tissue culture technique was chosen because it was found to be more re- 
liable and more sensitive for detecting neutralizing antibodies than infant mice. 

As it was the custom to preserve sera in the frozen state at —18 to —20°C., 
it was assumed that a labile-factor which had been shown to be involved in the 
neutralization of certain other viruses would be preserved. That this may not be 
the case with Sindbis virus was first noted in immune monkey serum. The serum 
from the immune monkey had been distributed into screw-cap vials and ampules. 
The serum in ampules was frozen and dried, and that placed in vials was stored 
at — 18 to — 20°C. When this serum was originally titrated in mice, it neutralized 
3 logs of virus, but after 744 months storage, an aliquot which had been kept 
frozen at —18 to —20°C. neutralized only 1 log of virus. It was found, however, 
that by the addition of fresh human serum, the original titer of the frozen serum 
was restored. This phenomenon was confirmed by titrations in tissue culture. 

It was also noted, after a considerable number of neutralization tests had been 
run on human sera collected in the field and stored for varying intervals at —18 
to —20°C., that the percentage of positives among sera that had been stored for 
a year or more was significantly lower than among recently collected sera. It was 
also found that if the old sera were mixed with an equal amount of fresh normal 
human serum, many which on the first test were negative became positive. This 
necessitated reactivating and retesting all of the long-stored sera. Some of these 
sera had been thawed and refrozen on several occasions,which may have influ- 
enced the deterioration of the labile factor, but the immune monkey serum re- 
ferred to above had not been thawed and refrozen. 

The effect of storage upon specific neutralization and the importance of reacti- 
vation by the addition of fresh normal serum, as well as the effect of heat inacti- 
vation in destroying nonspecific viricidal activity of sera with this and other 
newly isolated viruses, are under study. But as a caution to those who may wish 
to perform neutralization tests with Sindbis virus on long-stored sera which have 
not been desiccated, the role of a labile element which is not consistently pre- 
served at temperature of —18 to —20°C. is mentioned. 

Neutralization tests have been performed on 641 human sera—445 from 
residents of the Nile Delta, 132 from residents of the Sudan, 34 from British 
soldiers stationed in the Suez Canal zone, and 30 from Americans temporarily 
residing in the Cairo area (Table 7 and Fig. 1). Positive reactors were encountered 
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TABLE 7 


Results of neutralization tests on human sera arranged according to locality and to age groups 
below 15 years, and 15 years and over 





Less than 15 Yrs. 15 Yrs. and over All ages 
ne Locality 





No. No. % . . % * No. 
tested | Pos. Pos. ; Pos. Pos. 





Nile Delta 
| Idku a 10 
| Baltim 10 14 
Manzala 3 

Kafr Mahallet Dawood “= 

Gabares 
Shiwa 

Tel El Kebir 
Sindbis area 


Cairo area 
Total Nile Delta 


11 
38 
- 34 
14 35 
20 67 
19 37 
_ 38 


34 


coon oaurt WW 
Bow wwe ee ee 
SBSSSsngses 
BSNS HM coamaem 


os 
—_ 
or 
_— 


Sudan 
Khartoum 25 
Nahud 8 
Malakal 16 
Mayen Mission _— 1 
| Juba 12 


Total Sudan 62 


Bal Sac 





Foreigners 
| British soldiers* 34 
| Americanst 30 





Total all tests | 213 428 641 
* Twenty-four of the British soldiers had been stationed in the Suez Canal zone near 
the village of Tel El Kebir for 18 months or more; one gave a positive reaction. Ten had 
recently arrived and all were negative. 
+t The Americans were personnel of NAMRU-3 who had lived in the Cairo area for periods 
up to two years. 





























in all localities sampled in the Nile Delta, and the over-all percentage of reactors 
in this region was 27. Though the numbers examined from each locality, with the 
exception of the Sindbis area, are rather too small to assess accurately the relative 
frequency of persons possessing antibodies, there is a suggestion that the rate is 
lower in Idku, Baltim, and Manzala, the three most northern districts (Fig. 1). 

Positive reactors were found in all of the five localities sampled in the Sudan 
with the exception of Khartoum, though the average rate of positives was lower 
than in the Nile Delta. 

It is of interest to note that none of the bloods from 30 Americans and only 
one from 34 British soldiers neutralized the virus. The one positive was from a 
group of 24 soldiers who had been stationed near the village of Tel El Kebir for 
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Fie. 1. Map of Nile Delta and Anglo-Egyptian Sudan showing places, designated by 
numbers, where human bloods were collected. (See Table 7.) 
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TABLE 8 


Results of neutralization tests on human sera collected in the Nile Delta according to sex 
and age groups 





15 Yrs. and over All ages 





No. | No. % No. No. 
tested | pos. pos. tested pos. 





eee 192 | 67 | 37 261 | 80 
Females....... 120 35 29 184 42 





302 | 102 34 445 | 122 




















more than 18 months. None of 10 soldiers who had recently arrived reacted. On 
the other hand, 30 of 45 adults (67 per cent) in the village population of Tel El 
Kebir possessed antibodies. 

The number of persons in the Nile Delta with antibodies was significantly 
higher (34 per cent) in the older age group (15 years and over) than in the younger 
age group (14 per cent) (Table 8). Perhaps a more acceptable concept of the 
influence of age may be gathered from findings in the Sindbis area where all were 
exposed to the same environment and where the number sampled in each of the 
two age groups was approximately the same. The percentage of positives in the 
older age group in this area was 37, while in the younger age group it was 19 
(Table 7). Thirty-five of the children were below five years of age, and four, or 11 
per cent, possessed antibodies. This difference in antibody distribution relative 
to age also applies to the Sudan, although the rates are lower in both age groups 
(18 for the older and 7 for the younger). 

The influence of sex is not as clear. Although in both age groups the immune 
rates in the males are slightly higher than in the females, the difference is not 
statistically significant (Table 8). 

As it was suspected that other vertebrate hosts might be involved in the cycle 
of the virus, a limited number of bloods from the most common species of domes- 
tic quadrupeds and avian species of the Nile Delta have been examined for 
neutralizing antibodies. The quadrupeds included cows, gamooses (water buffalo), 
donkeys, goats, sheep, and horses. Reactors were found among all, but the highest 
percentages of positives occurred in the goats, gamooses, and cows (Table 9). 
Neutralizing antibodies were likewise found, though less frequently, in the bloods 
of chickens, crows, herons, pigeons, and sparrows; the only exception was the 
dove (Table 9). The blood sera of 15 horses sent from England were tested and 
all found negative. Also, none of the sera from 24 hens of our laboratory flock of 
chickens neutralized the virus. 


CLINICAL MANIFESTATIONS OF THE INFECTION 


Nothing is known concerning the symptomatology of the infection in nature, 
either in man or in lower animals. It is as yet a virus without a disease. It has not 
been recovered from any of the more than 3,000 blood specimens taken from 





SINDBIS VIRUS 859 


TABLE 9 


Results of neutralization tests on bloods from avian species and domestic quadrupeds from 
the Nile Delta 





Source No. tested No. pos. % pos. 





Domestic quadrupeds 


Gamoose (water buffalo)........... 





Total quadrupeds 





Avian species 
SE A re ee eee 











Total avian species 








persons during a febrile episode. However, most of these bloods were from young 
children, and immunity surveys imply that infection of children is not common. 
The virus was isolated once from a crow, but the crow was shot and whether or 
not it was sick is unknown. 

Except in infant mice and possibly a crow and a heron, experimental laboratory 
infection has not produced signs of disease. Monkeys, rabbits, hamsters, chickens, 
and doves have failed to show any definite illness from infection induced by mos- 
quitoes or by subcutaneous inoculation. 


DISCUSSION 


It is realized that there are many features concerning this virus, particularly 
its ecology and its importance as a pathogenic agent either in man or lower verte- 
brates, that remain to be elucidated. But in view of its apparently being a hitherto 
undescribed member of the arthropod-transmitted viruses, it seems justifiable to 
present the information so far accumulated. 

Casals, utilizing HI and CF methods, places Sindbis virus in Group A (Eastern, 
Western and Venezuelan equine encephalomyelitis viruses, and Semliki forest 
virus) of the arthropod-transmitted viruses. Sindbis is also similar to other mem- 
bers of the group in being highly fatal to embryonated eggs and cytopathogenic 
in embryonic chick tissue cultures. Its size approximates that of the equine 
viruses but it is larger than Semliki forest virus. It differs, however, in causing 
fatal infection only in infant and not in adult mice in initial passages, and is also 
readily distinguishable from other members of Group A by the neutralization test. 
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It also rather consistently produces degeneration of the skeletal muscles of infant 
mice, and its multiplication is not confined to the CNS. 

The recovery of the virus during three successive summers from mosquitoes 
and its experimental transmission by Culex mosquitoes imply that it is endemic 
in the Nile Delta and that its principal vectors in this region are mosquitoes of 
the Culex genus. While it has not been found in captured ticks, the infectibility of 
O. savignyi by parenteral inoculation and the transmission of the infection by this 
tick through feeding upon infant mice suggest the possibility that certain species 
of ticks may serve as a reservoir of the virus. 

The results of limited immunity surveys indicate that the virus is rather widely 
distributed in the Nile Valley and that it has a wide host range, including man, 
domestic quadrupeds, and avian species. The interpretation of the immunity 
surveys obviously hinges upon the implication of a serum neutralizing the virus; 
that is, under the conditions of the technique employed, does the neutralization 
of the virus by a serum constitute valid evidence that the donor of the serum was 
previously infected with the virus? This important question cannot be answered 
with assurance since each virus must be considered separately in regard to non- 
specific viricidal activity of sera from different species of animals, and in regard 
to group reactions resulting from infection with an antigenically related virus. 
Not enough is known concerning the bearing of either of these factors upon the 
inactivation or neutralization of Sindbis virus, but the following evidence is re- 
viewed for consideration. 

Experimental infection has shown that Sindbis virus is highly antigenic and 
induces the development of specific neutralizing antibodies. Therefore the pres- 
ence of such antibodies is to be expected following infection with the virus. As 
far as is known none of the viruses in Group A are present in Egypt. Sindbis virus 
is not antigenically related to West Nile virus, which is highly endemic in Egypt, 
and the pattern of antibodies against the two viruses in the human population is 
quite different. Thus, while it cannot be asserted that in this area another virus 
does not exist which is antigenically related and which might stimulate neu- 
tralizing antibodies to Sindbis virus, there is no evidence that such a virus does 
exist. 

Nonspecific viricidal activity of serum from most of the vertebrates included 
in the survey cannot be ruled out. However, none of the sera from Americans or 
recently arrived British soldiers neutralized the virus, nor did the sera from 15 
horses received from England or sera from 24 hens of our laboratory flock of 
chickens. 

If it is assumed that neutralization of the virus does reflect previous infection, 
it then follows that infection of the human and domestic quadruped population 
—particularly goats, gamooses, and cows—is frequent in parts of the Nile Delta. 
In view of the susceptibility of chickens to infection by mosquitoes, as shown in 
laboratory experiments, it is surprising not to find a higher incidence of anti- 
bodies among them and other avian species. Nevertheless, the possibility that 
birds and domestic fowl may play a role as vertebrate hosts to the virus, similar 
to that in certain other mosquito-transmitted viruses, cannot be dismissed. It has 
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been noted that the virus was isolated more frequently from C. univittatus than 
from any other species of mosquito. Unpublished data indicate that C. univittatus 
compared to companion species in the Nile Delta has a predilection for avian 
blood. Also there is a suggestion that the rate of infection is lower in the northern 
part of the Delta, where C. univitiatus is less abundant. 

However, as implied in the beginning of this discussion, further investigation 
is required to clarify the natural history of Sindbis virus and its importance as a 
disease-producing agent. 


SUMMARY 


1. Studies on Sindbis virus, a newly recognized member of the arthropod- 
transmitted viruses, are described; these include data on its immunological char- 
acteristics, distribution in the Nile Valley, vertebrate host range, and transmis- 
sibility by arthropods. 

2. The virus has been isolated from mosquitoes during three successive sum- 
mers, and once from a juvenile hooded crow (Corvus corone sardonius). 

3. It has been placed by Casals and Brown (1954) in Group A of the arthropod- 
transmitted viruses, but is distinguishable from other members of this group by 
the neutralization test. 

4. Its particle size, estimated by gradacol membrane filtration, is between 40 
and 48 mu. 

5. On initial passages by brain-to-brain transfer it is fatal to infant mice but 
not to adult mice. 

6. It is highly fatal to embryonated hens’ eggs and is markedly cytopathogenic 
to outgrowths of fibroblastic cells in chick embryo tissue cultures. 

7. Experimentally it is easily transmitted by Culex mosquitoes (Culex pipiens 
L. and Culex univitiatus Theobald), and Ornithodoros savignyi (Audouin) ticks 
are infectible by parenteral puncture and will subsequently transmit the infection 
by feeding upon infant mice. 

8. Antibody surveys imply a) a wide vertebrate host range including man, 
domestic quadrupeds, birds, and domestic fowl, and b) frequent human infection 
(27 per cent), particularly in the age group of 15 years and over (34 per cent), 
in the Nile Delta, and less frequent human infection (12 per cent) in the South- 
ern Sudan. 

9. No information is available on the symptomatology of natural infections. 
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TISSUE CULTURE APPLIED TO THE STUDY OF SINDBIS VIRUS! 
THOMAS E. FROTHINGHAM? 
Department of Virology, U. S. Naval Medical Research Unit, Cairo, Egypt 


This communication describes certain aspects of the behavior of the Ar-339 
strain of Sindbis virus in tissue culture. This virus was isolated from mos- 
quitoes (Taylor and Hurlbut, 1953) and subsequently designated as Sindbis 
virus (Taylor, 1953). It belongs to the arthropod-borne viruses (Hurlbut, 1953) 
and is related antigenically to the viruses which have been designated as Group 
A (Casals and Brown, 1954). A description of other characteristics of the virus 
together with some information on its ecology are given by Taylor et al. in this 
issue (1955). 

The object of the tissue culture study was twofold: to characterize the virus 
according to its behavior in cultures of different tissue cells; and, if it proved 
to be cytopathogenic, to utilize the tissue culture method for detecting specific 
neutralizing antibodies. 


METHODS AND MATERIALS 


Tissue culture technique 


Cultures of chick embryonic tissue, human adult uterine tissue, human embryonic skin 
muscle tissue, monkey testicle tissue, and HeLa (Gey) cell strain were used (Weller ef al., 
1952; Syverton et al., 1954). The chick embryonic tissue cultures were prepared from frag- 
ments of minced nine- to eleven-day-old chick embryos (minus eyes) embedded in a clot 
prepared from hen plasma and chick embryonic extract (Robbins et al., 1952). To each tube 
was added 1 ml. of fluid composed of protein hydrolysate medium (PHM) prepared ac- 
cording to Melnick and Riordan (1952) with the addition of soybean trypsin inhibitor 
(Robbins et al., 1952), 0.05 mgm. per ml. In addition, a more rapid method was sometimes 
used, in which plasma, tissue, and embryo extract were placed in the culture tube and 
together spread around the wall of the tube. Cultures were incubated at 35-37°C. for one 
to two days, by which time the outgrowth of fibroblast-like cells was usually adequate for 
virus inoculation. 

Human adult uterine, human embryonic skin-muscle, and monkey testicle tissue cul- 
tures were prepared from fragments of minced tissue (Weller et al., 1952) embedded in a 
clot of a composition similar to that used in chick embryo cultures. To each tube was added 
1 ml. of fluid (MAF-90)—composed of mammalian amniotic fluid 90 per cent, mammalian 
embryo extract 5 per cent, inactivated horse serum 5 per cent, and soybean trypsin in- 
hibitor 0.05 mgm. per ml.—prepared according to Enders (1953) and Malherbe (1954). In 
addition to amniotic fluid and embryos from cows, amniotic fluid and embryos from the 
local water buffalo (gamoose) were also used. Cultures were prepared according to Robbins 


! This study was conducted under the auspices of the Ministry of Public Health of the 
Egyptian Government and the U. 8. Naval Medical Research Unit No. 3 (NAMRU-3), 
with aid from The Rockefeller Foundation, and latterly from the Office of Naval Research 
through a contract administered by the University of Chicago. 

The opinions or assertions contained herein are the private ones of the author and are 
not to be construed as official or reflecting the views of the Navy Department or the Naval 
Service at large. 

2 Present address: Children’s Hospital, Boston, Massachusetts. 
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et al. (1952). The nutrient media were changed twice weekly. Cultures were inoculated 
after one to two weeks of incubation, when the outgrowth of fibroblast-like cells was suit- 
able. Either MAF-90 or PHM was used to maintain the cultures after inoculation. 

For cultivating HeLa cells, human ascitic fluid was used in the medium instead of human 
serum. Cells were maintained during experiments with PHM or MAF-90 “‘reinforced”’ 
with chicken serum or plasma, chick embryo extract, and in the case of PHM also with 
amniotic fluid. Cultures were observed over a period of six to nine days. 

Diluent for virus was composed of 90 per cent or 50 per cent phosphate buffered saline 
and 10 per cent or 50 per cent normal rabbit serum. The buffered saline was prepared to a 
pH of approximately 7.4 from stock solutions of 0.9 per cent NaCl, m/15 NaszHPO,, and 
m/15 KH2PO,. 


Stock Virus 


The tissue cultures were initiated from the sixth infant mouse passage of Sindbis virus 
(strain Ar-339). After being established in tissue culture, the harvest fluids were preserved 
at —20°C. as virus “‘stocks.’”’ At this temperature the virus will remain stable without 
loss in titer for several months. 


Titration of virus 


Mouse titrations were performed with three- to five-day-old white Swiss mice. Ten- 
fold dilutions of virus-containing fluid were prepared in 10 per cent normal rabbit serum. 
One family of six or seven mice was used for each dilution. Titrations were carried out by 
the intraperitoneal (ip) inoculation of 0.03 ml., or by combined intracerebral and subcu- 
taneous (iese route) inoculation of 0.05 ml. of virus suspension, as described by Taylor 
et al. (1953). The mice were observed daily, and deaths between the second and eighth 
days were regarded as due to virus. The LDw end point was calculated by the method of 
Reed and Muench (1938). 


Fic. 1. Normal outgrowth of fibroblast-like cells from fragment of chick embryonic 
tissue. 
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Titrations in chick tissue culture were performed using dilutions prepared as for mouse 
titrations. Two or three tubes were inoculated with 0.1 ml. of each dilution. At first tubes 
were observed daily for cytopathogenic effect; when it became evident that the effect was 
maximum on the third day, a single reading three days after inoculation was adopted as 
routine. The titer was expressed as the highest dilution in which any or all tubes showed 
typical cytopathogenic changes. 


RESULTS 
Cytopathogenic effect 


The Ar-339 strain of Sindbis virus produced a pronounced cytopathogenic 
effect in chick embryo tissue cultures (Fig. 1 and 2). The effect became apparent 
in 24 to 48 hours and was complete in 72 hours. It was demonstrable by inspec- 
tion with 100 magnification through the wall of the culture tube, and also by 
histological methods of fixing and staining fragments of tissue planted on thin 
strips of cover slip in the culture tube. The fibroblast-like cells became rounded, 
shrunken, and dark, as compared to the clearer fusiform cells in the control 
cultures. Sheets of epithelial-like cells in chick cultures were often observed to 
be unaffected. It was also noted that pulsations of heart fragments sometimes 
seen in chick cultures might continue in the presence of marked viral degenera- 
tion in the surrounding fibroblast-like outgrowth. In the first chick tissue pas- 
sage from mouse brain material, the cytopathogenic effect was as pronounced 
but not as prompt as after several tissue culture passages. The cytopathogenic 
effect was prevented by incubating the virus with immune monkey serum prior 
to inoculation. 


% # <i &» 
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Fic. 2. Cytopathogenic effect of Sindbis virus on fibroblast-like cellular outgrowth from 
fragment of chick embryonic tissue. 
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‘1G. 3. Normal fibroblast-like outgrowth from fragment of human myometrium. 


Fic. 4. Cytopathogenic effect of Sindbis virus on fibroblast-like outgrowth from frag- 
ment of human myometrium. 


The virus also produced a cytopathogenic effect in human uterine tissue 
cultures (Fig. 3 and 4). Many cells, however, remained unaffected. The effect 
was less pronounced with MAF-90 as the nutrient fluid than when PHM was 
used to maintain the cells. 
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Cultures of monkey testicle tissue maintained with MAF-90 showed a cyto- 
pathogenic effect similar to that seen in human uterine cultures. 

In cultures of human embryonic skin-muscle tissue maintained with PHM, 
no cytopathogenic effect comparable to that observed in chick or uterus cultures 
was observed during three passages. 

No cytopathogenic effect was demonstrable on HeLa cells with the methods 
employed. 

Attempts were made to determine whether virus might multiply without 
causing cytopathogenic changes. Fluids were harvested from tubes near the 
end point of a titration, from those showing a cytopathogenic effect, and from 
some tubes which appeared normal. The harvests were tested in infant mice for 
the presence of virus. It was found that fluids from chick cultures in which a 
cytopathogenic effect had been observed invariably gave a positive test in 
mice, while a negative mouse test was obtained with fluids from cultures in 
which no cytopathogenic effect had been present. However, when human 
uterine cultures were similarly tested, harvests from tubes which had shown 
no cytopathogenic effect were found to contain virus. 

Chick cultures were chosen for further experimental work because they are 
easier to prepare and give consistent and quick results. Therefore, the following 
experiments were all carried out in such cultures. 


Proof of multiplication in chick embryo cultures 


The criteria for proof of multiplication in tissue culture, both during a single 
and during serial passages, as outlined by Sanders et al. (1953) were fulfilled 
(Fig. 5). There was no difficulty in maintaining the virus in serial passage. The 
maximum titer, usually 10~’, is reached in 24 to 48 hours after seeding the cul- 
tures. Before and after two successive passages, which involved a dilution factor 
of 10~'°, the titer of the virus was 10-7. 


Reproducibility of titers in tissue culture 
Seven titrations were done by the same method on different days on stock 
virus prepared from the sixth passage and stored at — 20°C. Six of the titrations 
gave a titer of 10~-’ and one a titer of 10-. 
Of 22 control titrations for neutralization tests, where normal human serum 
with stock virus was used, a titer of 10~-’ was obtained in 14; in the others, 
the end point ranged between 10~* and 10-°. 


Comparison of mouse and tissue culture titrations 


Seven samples of virus-containing fluid were titrated simultaneously by 
mouse and tissue culture methods (Table 1). The results coincide reasonably 
well with specimens having titers over a wide range. 


Application of tissue culture method to detection of neutralizing antibodies 


Tests were carried out using a constant amount of serum and tenfold dilutions of virus. 
A 1:1 serum-virus mixture was incubated at 37°C. for one hour prior to inoculation. Con- 
trol tests employing normal and known immune sera against the virus dilutions were 
included in each neutralization test or group of tests. Those sera which neutralized two 
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MULTIPLICATION OF AR339 IN CHICK EMBRYO CULTURE 


Group 

1 O-—O Complete Culture + Virus 37°C 

2. 4-----s Complete Culture — Virus 37°C 

3. [}--[) Nutrient Fluid ond Clot + Virus 37°C 
4. ©——e Complete Culture + Virus 4°C 














14) 
° | 24 48 
Time in Hours 
Fie. 5. Growth curve of virus in complete chick embryo tissue culture incubated at 
37°C. 





TABLE 1 


Results of simultaneous titration of virus-containing fluid in mice and chick embryo tissue 
cultures (tc) 





Specimen No. 04 144 180 184 215 220 





TC titer Sele iw carina’ 10-* 1077 10-* 10> 10-7 10-* 
Mouse titer (icse route) .. 10-*-* | 10°'° 10-*-* | 10-3-6 
Mouse titer (ip route)..... 10-42 10-¢-5 











or more logs of virus were considered to contain a significant quantity of neutralizing 
activity. 

The following routine was adopted for spot testing human or animal sera for the pres- 
ence of neutralizing activity. On day 0, chick embryo cultures were prepared. On day 1, 
cultures of suitable quality were selected. To a volume of each undiluted unknown serum 
was added an equal volume of virus, the dilution of which was two logs below the expected 
end point of the normal serum control titration. After incubation, 0.1 ml. of each mixture 
was inoculated into each of two cultures. Normal serum and immune serum control titra- 
tions were simultaneously set up. The test was read on the third day after inoculation. 
Those sera which prevented the typical cytopathogenic effect in both tubes were con- 
sidered to be positive for neutralizing activity. 


Fifty-two sera were tested more than once each at different times (Table 2). 


All tests showed agreement with 47 sera; disagreement between tests occurred 
with 5 sera. 
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TABLE 2 
Reproducibility of tissue culture neutralization test on 52 human sera 





Result 


| 
No. of specimens 
tested | 





ist test 2nd test 





+ + 
+ + 

+ oe 
Inconclusive 
Inconclusive Inconclusive 

















TABLE 3 
Comparison of mouse and tissue culture neutralization tests on 180 human sera 





Mouse result 
Tissue culture result 





Inconclusive 





+ | 7 | 46 
_ 7 83 
Inconclusive 1 1 








Total 15 130 





One hundred and thirty sera were tested by both the tissue culture and 
mouse methods. The results are shown in Table 3. One hundred and eight 
sera gave the same results by both tests. Of the 22 sera which disagreed, 13 
which were positive by tissue culture test were negative (6 sera) or inconclusive 
(7 sera) by mouse test. Nine sera were negative by tissue culture test and were 
either positive (2 sera) or inconclusive (7 sera) by mouse test. 


DISCUSSION 


The observations indicating that this virus is cytopathogenic for some cell 
types and not for others is not without precedent, since other viruses have 
been shown to be selective in their cytopathogenic action upon cells grown 
in vitro. 

Tissue culture is useful in the study of the newly described Sindbis virus 
principally because of the prompt and reproducible cytopathogenic effect which 
the agent induces, particularly in outgrowths of chick cells. The results indi- 
cate that future serological survey work to study the distribution of neutralizing 
antibodies against this virus may be carried out more easily and accurately in 
tissue culture than in mice. Since the mouse test requires the use of infant mice 
three to five days old, cannibalism and nonspecific deaths often make the end 
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point difficult to interpret. The tissue culture neutralization test, on the other 
hand, is quicker and gives more clear-cut results. 

It will be noted (Table 2) that in instances where tissue culture tests on the 
same serum disagreed, the first test was positive and the later test either nega- 
tive or inconclusive. In no instance have successive tissue culture tests revealed 
a reversal from negative to positive. Observations reported by Taylor ef al. 
(1955) indicate that neutralizing antibodies against this virus may not be well 
preserved when the sera are stored for long periods at — 15°C. and thawed and 
refrozen on several different occasions for testing. This may account for dis- 
crepancies in repeated tests. 


SUMMARY 


1. The Ar-339 strain of Sindbis virus rapidly multiplies in plasma clot cultures 
of chick embryonic tissue and produces a marked cytopathogenic effect on 
fibroblast-like outgrowths. Similar changes are induced by the virus in cultures 
of human adult uterine tissue, and monkey testicle tissue. No cytopathogenic 
effect was observed in cultures of HeLa cells or in fibroblast-like outgrowths 
from human embryonic skin-muscle tissue. 

2. On occasion fragments of chick embryo heart were observed to continue 
to rhythmically contract although the surrounding outgrowth of fibroblastic 
cells showed the typical degeneration. 

3. A satisfactory neutralization test for the demonstration of neutralizing 
antibodies in human sera was developed, using cultures of embryonic chick 
cells. The results of comparative tests indicate that with Sindbis virus, chick 
embryonic tissue cultures are more practical for use in serological surveys than 
are infant mice. 
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INDIGENOUS WILD BIRDS OF THE NILE DELTA AS 
POTENTIAL WEST NILE VIRUS CIRCULATING 
RESERVOIRS! 


TELFORD H. WORK,? HERBERT 8S. HURLBUT,* anv R. M. TAYLOR‘ 


In the past 25 years, fundamental contributions toward elucidating the epi- 
demiology of arthropod-borne encephalitides have been made by many workers, 
particularly those investigating the viruses causing equine encephalitis in the 
United States. Reeves (1945), one of the more persistent investigators of this 
problem, in 1945 summarized the evidence pointing to a primary avian-mosquito- 
avian cycle of virus transmission, with occasional tangential infection resulting in 
epidemics and epizootics in man and other animals. Further work, more defini- 
tively establishing the validity of such a cycle, has been accomplished and pub- 
lished since that time (Reeves and Hammon, 1946; Hammon and Reeves, 1946a, 
1946b, 1947; Reeves et al., 1947; Hammon, 1947, 1948a, 1948b; Beaudette and 
Black, 1948; Sooter et al., 1951; Kissling et al., 1951; Hammon et al., 1951; 
Sooter et al., 1952). 

During these 25 years, new viruses, immunologically related, have been iso- 
lated in distant tropical and subtropical areas of the world. One of these, named 
“West Nile virus” by Smithburn, Hughes, Burke, and Paul (1940)—who first 
isolated it from the blood of a febrile native woman in the West Nile Province of 
Uganda—has now been identified as the causative agent of what is called ““West 
Nile fever”’ in Israel (Bernkopf et al., 1953; Goldblum et al., 1954). The agent was 
previously shown to be closely related to St. Louis virus (Smithburn, 1942). 

Serological evidence, as well as three virus isolations from a collection of human 
bloods made by Paul (1952) in a survey on poliomyelitis in Egypt in 1950, indi- 
cated that the infection was highly endemic there. A more extensive serological 
survey by Taylor (1953a, 1953b) (Smithburn e¢ al., 1954) demonstrated that the 
infection was endemic from its previously determined locale in East Africa 
(Smithburn, 1952), into the southern Sudan, and down the long Nile Valley into 
lower Egypt. Taylor (1953b) confirmed the work of Melnick, Paul et al. (1951) by 
isolating the virus from 14 children in the Sindbis area of the Nile Delta. Taylor 
and Hurlbut (1953) isolated West Nile virus from wild Culex mosquitoes in the 
same endemic area on eight occasions in 1952. 


1 The study was conducted under the auspices of the Ministry of Public Health of the 
Egyptian Government, the U. 8. Naval Medical Research Unit No. 3 (NAMRU-3), and 
The Rockefeller Foundation. 

The opinions or assertions contained herein are the private ones of the authors, and are 
not to be construed as official or reflecting the views of the Navy Department or the Naval 
Service at large. 

? Staff member, The Rockefeller Foundation Virus Laboratories, New York, assigned to 
the Department of Virology, NAMRU-3, Cairo, Egypt. 

* CDR MSC USN, Department of Entomology. 

‘ Consultant, The Rockefeller Foundation Virus Laboratories, New York, assigned to 
the Department of Virology, NAMRU-3, Cairo, Egypt. 
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Preliminary investigations of the common domestic animals, including do- 
mestic fowl as well as quadrupeds (Taylor et al., in preparation), indicated that 
their infection during the transmission season probably would not provide 
enough circulating virus to infect the number of feeding mosquitoes necessary 
for widespread infection in a human and domestic population with a high inci- 
dence of immunity to West Nile virus. This conclusion was based on the relatively 
low number of nonimmunes available to circulate the virus, and on the initial 
failure to attain an adequate circulating virus titer for blood of experimentally 
infected domestic species to infect mosquito vectors. 

Early in 1953, attention was turned to the possibility that indigenous wild 
birds of the West Nile virus-endemic area of the Nile Delta might provide a 
large enough source of nonimmunes during the spring nesting season to circulate 
West Nile virus in high enough titer and for a sufficient length of time to infect 
vector mosquitoes during the summer transmission season. Investigations were 
instituted, first to determine serologically if the common species of wild birds 
had a high incidence of immune antibodies, and then to determine the virus cir- 
culating capacity of representative species by experimental infection in the 
laboratory. 


MATERIALS AND METHODS 


Collection of sera. The blood specimens for serological testing were obtained 
from birds collected in the wild, by cardiac bleeding into sterile 2 cc. or 10 ce. 
syringes. Species such as the hooded crow, Corvus corone sardonicus,®' which were 
trap-wary, were collected with shotguns loaded with number 5, 6, or 7 shot, and 
the dead birds were retrieved as soon as possible, usually in one or two minutes. 
After plucking the feathers and down, and swabbing the crow with 70 per cent 
alcohol, the chest was incised over the suprasternal notch, exposing the base of the 
heart and great vessels. Blood was drawn through a 21-gauge needle inserted into 
the cardiac chambers and great vessels, and emptied into sterile 13 x 100 mm. or 
12 x 75 mm. test tubes which were closed with sterile rubber stoppers. The speci- 
mens were placed on wet ice in a wide-mouth gallon thermos for transport to the 
laboratory, where the clot was broken with a sterile applicator stick and the tube 
centrifuged at 1,500 rpm for ten minutes. The supernatant serum was then 
pipetted off and transferred toa numbered screw-cap vial for freezing and storage 
until testing. 

It is of interest and possible value in field work to note that as many as ten 
crows could be accuraulated—which was sometimes necessary in making lo- 
calized collections at dusk—and bled as long as 30 minutes after death, yielding a 
sufficient quantity of sterile, unclotted cardiac blood for a test sample. 

Avian species more amenable to capture were netted in the fields or in their 
roosts at night, and brought to the laboratory for blood collection. Larger types 


5 Nomenclature for the species studied has been based on Peters, J. L., 1931-1951, Check- 
list of Birds of the World, Vols. 1-7, Harvard University Press and the authoritative work 
on Egyptian birds, Meinhertzhagen, R., 1930, Nicoll’s Birds of Egypt, 2 Vols., Hugh Rees 
Ltd., London. 
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such as the buff-backed heron, Bubulcus ibis, and the kestrel, Falco tinnunculus, 
were bled from the heart through a needle inserted through the chest or supra- 
sternal notch. They were observed for any adverse effects, and finally liberated. 
Smaller birds such as house sparrows, Passer domesticus, and palm doves, Strepto- 
pelia senegalensis, were exsanguinated in a similar manner and discarded. The 
blood specimens obtained were processed by the method described above. 

Serological testing. The well-established unreliability of single complement- 
fixation or complement-fixation inhibition tests on large numbers of avian sera 
(Karrer et al., 1950; Miles, 1954), and, initially, only a secondary interest in the 
recency of infection, resulted in the exclusive use of the mouse protection test for 
serological study of the 555 survey specimens collected. Thirty-third mouse 
passage virus material of the original West Nile strain isolated by Smithburn et al. 
(1940) in Uganda was used in The Rockefeller Foundation laboratory’s strain of 
white mice. This high passage level gave the advantage of a stable, predictable 
titer and comparable results in the large number of neutralization runs which 
were carried out. 

Criteria for the neutralization test were as follows: When a serum was mixed 
with more than 50 LDso (100 LDso was the optimum dose sought according to 
titration) of West Nile virus, 4/5, 5/5, 5/6, or 6/6 survival ratios of young adult 
mice, each inoculated intracerebrally with .03 ml. serum-virus mixture, were 
considered evidence of neutralizing antibody in the serum tested. A 0/5, 1/5, 0/6, 
or 1/6 survival ratio was regarded as a negative result. A survival ratio between 
these was considered inconclusive, and the serum was retested if enough re- 
mained. If inconclusive in the second test, it was listed as such. 

Because the significance of the inconclusive results is not entirely understood in 
regard to specificity or amount of neutralizing antibody, they were excluded 
from the calculations for the incidence of positives; but they were listed in the 
tables as inconclusive, to indicate relative frequency in considering the possi- 
bility of very low titer antibodies. 

Birds as experimental animals. Avian specimens for experimental infection in 
the laboratory were obtained either by rearing nestling birds as collected in their 
wild habitat to an age where they might be handled experimentally, or by trap- 
ping and netting-in the wild adult birds of the species to be tested. 

It should be pointed out here that the problem of maternal antiviral anti- 
bodies in birds, which is a very real one in this type of investigation, and so ably 
presented by Sooter et al. (1954), Reeves et al. (1954), and Kissling et al. (1954), 
was resolved by several methods. Most nestling birds were collected when fully 
fledged, after the expected disappearance of maternal antibodies (Reeves et al., 
1954). A sample of blood was obtained from each specimen of the larger species 
and neutralization tested for a demonstration of nonimmunity before experi- 
mental infection. It should be noted that no fledgeling which was taken from the 
nest and tested, gave evidence of having neutralizing antibodies to West Nile 
virus. 

Smaller birds, such as sparrows, were captured as adults in the nonendemic 
area of the Nile Delta and presumed to be nonimmune, after extensive serological 
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studies on a number of representatives of the species which were collected in the 
same area proved that all were negative. That many of these birds circulated 
virus after experimental infection was considered further evidence of their sero- 
negative status. In some of the later experiments, preinoculation whole blood, 
diluted 1:10 in 10 per cent inactivated normal rabbit serum for sufficient volume 
to test, was obtained from the smaller species for preinoculation neutralization 
tests. 

Preparation of mosquitoes for infection of birds. In considering the experimental 
approach to testing the susceptibility and virus circulating capacity of avian 
species, attempts were made in the laboratory to simulate conditions in nature as 
nearly as feasible. Therefore, inoculation of the birds by actual feeding of infected 
mosquitoes was considered essential. 

It was known from previous work (HSH) that Culex pipiens, a common culcine 
of the endemic environment which had been colonized in the entomological lab- 
oratory of NAMRU-3, was an excellent experimental vector for West Nile virus. 
Work with this species was begun before substantial data pointed to Culex uni- 
vittatus as the most common West Nile virus-infected mosquito in the natural 
environment. C’. pipiens was similar to C. univittatus in that it readily fed on the 
blood of wild birds. Later experimental work with C. univitiatus, after a colony 
had been established in the laboratory, indicated that the two species were similar 
in their ability to harbor and transmit West Nile virus to birds and mammals. 
Some of the later experimental infection of avian species was accomplished with 
C. univittatus, as shown in Table 5. Consequently, the experimental work with 
C. pipiens was accepted as indicative of results to be obtained with C. univittatus. 

The mosquitoes were infected initially by means of a puncture technique 
(Hurlbut, 1951) whereby a minute steel needle, wet with the West Nile virus 
suspension, was thrust through the wall of the mosquito’s thorax. Carbon dioxide 
was used to anesthetize the mosquitoes. The infected specimens were incubated 
at 27-32° C. at about 70 per cent relative humidity. When a 10 per cent suspen- 
sion of infected mouse brain which had a titer of not less than 10~’ was used, 
virtually 100 per cent of the mosquitoes were infected and transmitted the 
infection by bite after a five-day incubation period. 

Early experiments showed a markedly lower circulating virus titer when ninth 
mouse passage of the Ar-248 strain, isolated from a pool of Culex antennatus 
mosquitoes in Egypt, was used, as compared to the second and third mouse 
passage virus material used in most of the mosquito infections. 

After a group of infected mosquitoes had first transmitted the virus to suckling 
mice, birds were exposed. The mosquitoes which engorged on the birds were 
triturated in a mortar and a 10 per cent suspension was inoculated intracere- 
brally into young adult mice to demonstrate the presence of virus by illness, 
paralysis, and death. 

Exposure of experimental animals. When ready for infection, the birds were 
restrained by wrapping them with cellulose scotch tape in appropriate places, 
ie. beak, legs, wings, and body. Feathers were plucked or trimmed from a skin 
area of adequate size over the pectoral muscles of the chest. The bird was then 
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set on a fine mesh net cover of a quart Mason jar containing the infected mos- 
quitoes. The bird was held on the jar by a firm but comfortable gauze binding 
attached to the jar by elastic bands or scotch tape placed around the circum- 
ference, for a period ranging from several minutes to several hours during which 
a sufficient number of mosquitoes engorged on the birds to expose them to 
infection with the virus. 

The birds were then freed to cages and cared for in the animal house. Each day 
for a period up to one week they were recaptured for postinoculation bleeding. A 
technique was developed which would produce minimal trauma and loss of blood. 
If a bird died during the postinoculation period, harvests of brain and spleen were 
passed for virus isolation for possible evidence that death was due to the virus 
infection. 

Collection of postinoculation blood specimens. The underside of the wing of the 
hand-held bird was exposed, and the area over and around a large vein was 
swabbed with alcohol. The vein was pricked with a needle to produce welling of 
the blood on the skin surface. A quantity of blood, ranging from .05 to .2 ml. 
depending on the size of the bird, was drawn into a .2 or 1 ml. pipette by capillary 
action, and the whole blood was expelled into a tube containing enough 10 per 
cent inactivated normal rabbit serum to make an initial dilution of 10-. 

Determination of circulating virus titer. Serial tenfold dilutions were made and 
the material inoculated, .03 ml. intracerebrally, into each of a group of six three- 
week-old mice for each dilution. On the basis of six mice for each tenfold dilution, 
titer of the virus circulating in the blood on each postinoculation day was calcu- 
lated according to the method of Reed and Muench (1938). 

Infection of mosquitoes by feeding on infected birds. Mosquitoes were permitted 
to feed on birds at times when virus was circulating in the blood. After incubation 
for 14-21 days at 27-30°C., the mosquitoes were allowed to bite infant mice or 
birds to test their ability to transmit the virus. Individual mosquitoes were 
triturated and injected into mice to determine the number which had become 
infected (Table 6). 

Confirmation of circulating West Nile virus. Brains of mice becoming sick or 
paralyzed in these postinoculation titrations were harvested. Those of the 
highest dilution showing signs of illness were passed as 10 per cent suspensions, 
.03 ml. intracerebrally, into six mice. If the mice became fatally sick or paralyzed, 
this was regarded as evidence that West Nile virus had caused illness in the mice. 
In fact, in the early experiments, harvests of these brains in second passage were 
titrated against nonimmune and West Nile-immune monkey sera for specific 
confirmation. 

Test for development of neutralizing antibodies. Sera were collected from the 
birds from the second to the fourth postinoculation week and tested for neutral- 
izing antibody according to the technique previously described. 


RESULTS 


Serological survey of avian species. The Sindbis area, about 30 miles north of 
Cairo, had repeatedly been shown to be endemic for West Nile virus infection by 
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TABLE 1 


Immunity to West Nile virus in avian species of the Sindbis endemic 
environment collected during winter season 








Species | Tested Positive Negative Inconclusive % Positive 
| 
House sparrow........... 35 18 14 3 57 
Hooded crow............. 17 15 2 0 88 
pS ne | ae ae 33 12 13 8 48 
Buff-backed heron....... .| 28 17 8 3 68 
I htewd ns yOag x00 os 6 5 0 1 100 
NN ah te Sha d-saheeers > octal 1 1 0 0 100 

















isolation of the virus from human blood (Melnick et al., 1951; NAMRU-3, un- 
published), by human serological surveys (Taylor, 1953a, 1953b), and by isola- 
tion of West Nile virus from Culer mosquitoes (Taylor and Hurlbut, 1953). 
This locality (Figure 1) was selected for intensive and continuous epidemiological 
investigation of West Nile virus infection and it was there that the first collec- 
tions of avian blood specimens were made. 

Field observation of the indigenous birds of the area established a simple 
basis for this collection. The variety of avifauna in this type of environment was 
limited, and only those species which were abundant enough to contribute a 
large nonimmune crop of juveniles each year for infection and virus circulation 
in nature were considered. 

No blood specimens were collected from nestling birds. Their exposure and 
role as potential virus circulators were not considered to be of significance until 
after leaving the nest, because of 1) the relative remoteness of nests from mos- 
quitoes in proximity to human villagers, for whom they might act as potential 
virus circulators, and 2) the temporary protection of maternal antiviral anti- 
bodies during much of the nest life of the birds. Therefore, all blood specimens 
were obtained from birds collected on the wing. That no fledgeling taken from 
the nest contributed West Nile-positive serum has already been mentioned. 

Results of neutralization tests on these sera are presented in Table 1. 

Because of the high incidence of neutralizing antibodies found in the hooded 
crow population in winter and the interest in seasonal occurrence of infection 
in the endemic area, tests of the hooded crow population were made in various 











TABLE 2 
West Nile immunity in hooded crows of the Sindbis endemic area according 
to season 
’ No. tet : Incon- % 
Season Locality Tested Positive | Negative chasive Positive 
Late spring........... Sindbis 28 10 15 3 40 
Summer and winter... Sindbis, Kom 33 27 4 2 87 
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Tanan 
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TABLE 3 
Distribution of immunity to West Nile virus in the hooded crow in the Nile Delta 





Locality Tested Positive Negative Inconclusive % Positive 





Nonendemic area 
32 
2 
Mahallet el Amir 7 
Ezbet Bisintawai....... 12 
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Tewfikeya 


wonoonmr 
SS8Ssseses 

















IIa wocorr w 
-orf Of OF © 
— 
SSSSSuSR 





seasons of the year at collection points within an area less than three miles in 
extent. On intensive study these places were considered to be essentially the 
same ecologically. The results are shown in Table 2. 

It is worth-while noting the lower incidence of immunity in the collections 
made in late spring, which probably reflects the introduction of nonimmune 
juveniles into the environment at the end of the spring nesting season and at the 
beginning of the mosquito transmission season (Taylor and Hurlbut, 1953). 

Experimental infection of the hooded crow, to be described later in this 
presentation, indicated that this avian species circulates West Nile virus in 
high titer for many days. This fact, in addition to the high incidence of immunity 
of the hooded crow in the Sindbis area, prompted a more widespread survey in 
the Nile Delta; this was made to determine the immunological status of the 
species as a measure of its potentiality in serving as a circulating virus reservoir 
host for the infection of mosquitoes which might transmit the infection to man. 

Results of this survey are given in Table 3 and Figure 1. 

Because the rock pigeon, Columba livia, occupies a unique place in the avifauna 
of the Nile Delta, it was assessed separately. The villagers raise domestic pigeons 
for pets, food, and production of guano. These birds live in and around human 
habitation, in harborage ranging from clay pots hanging on the kitchen or bed- 
room walls to small cotes on the roof. 
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Fic. 1. Numerator: neutralization positive sera. 
Denominator: total sera tested (inconclusives not included). 


The largest pigeon population is of a wild nature, moving in great flocks ac- 
cording to the availability of food. They often visit farms with lofts which are 
specially designed to attract them, where they feed on grain and other crops. 
The flock, often numbering many hundreds, occupies the quarters and provides 
the farm owner with a continuous supply of guano for fertilizer, as well as a 
continuous harvest of pigeons for food or sale. The day eventually comes, how- 
ever, perhaps after several years, when the birds suddenly depart. Epidemics of 
disease have been observed prior to such an exodus. In our investigations these 
birds were considered semidomestic. 

Pigeons collected in two areas of West Nile endemicity show a lower incidence 
of positive serological results than some of the wild avian species, as shown in 
Table 4. 

Two strains of West Nile virus were isolated from the blood of two pigeons 
in one flock at Chenuda Farm, which is in an endemic area of the Nile Delta 
about 80 miles north of Cairo (Work, Hurlbut, and Taylor, 1953). 

Experimental infection of common avian species found in the endemic environment. 


TABLE 4 


Incidence of neutralizing antibodies to West Nile virus in domestic and 
semidomestic pigeons of the Nile Delta 





Species Tested Positive Negative Inconclusive | % Positive 





Domestic pigeon (Sindbis en- 
demic area) 

Semidomestic pigeon (Chenuda 
Farm endemic area) 
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TABLE 5 


Postinoculation circulating virus titers in avian species after experimental 
infection by bite of West Nile-infected mosquitoes 





No. & 
species Reciprocal log of titer according to postinoculation day gn 
Serial Source of 
No. | infected | infectiont 
mosqui- 
toes* 





Post** WN NT 


Brain | Spleen 





House sparrow, Passer domesticus 





>5.4 
>5.5 
6.4 
3.0 


1.6 1 |<1 
BC | Died 
Died 
Died 

<2 

>8 


VV 
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114 3 CP 
135 2 CP 
136 3 CP 
168 4 CP 
169 3 CP 
171 1 CP 
172 1 CP 
2 CP 
2 CP 
1 CU 
4CU 
1 CU 
2 CU 
3 CU 
2CU 


113 | 2 CP 
| 


WIM MA a 


Died 
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RADOAON 


Survived 
Survived 








Hooded crow, Corvus corone sardonius 





<1 >3.5, 3.3) 2.4) >1 |[>1 Died 
0 .3| Died 
>1 .8|\>3.5 |>3.5 | >1 | Died 
>5.4 .5|>5.5 | Died 
2.5 .1/>5.5 | Died 
>5.4 .5)>5.5 |>5.5 
7.4 1) 5.1] 8.5 
Died 
>5.4 | >8.3)>8.5 | Died 
6.1 8.5)>9.5 |>9.5 
.7 |>10 6 Died 
.4|>9.4 6 Died 
.6 | >7.4| Died 
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Kestrel, Falco tinnuncul 





97 1 CP . } : ‘ ‘ 1.4 Survived 
98 1 CP ; é . : Survived 
99 | 3CP ‘ F ‘ é : 1.5 Survived 
100 | 2CP 3 . : ‘ ‘ Survived 
116 4 CP ’ Survived 
117 2 CP " Survived 
118 3 CP " Survived 
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TABLE 5—Continued 





Source of | virus recovery 


infectiont | 





Brain | Spleen 


| 
Reciprocal log of titer according to postinoculation day | Post-mortem 


Ree eek = 





Buff-backed heron, Bubulcus ibis 





<s <1 Survived 
<1 0 Survived 
0 0 Survived 
1.5] 0 Survived 
0 0 | Survived 





senegalensis 





101 6 CP | Inoc. | ten 0 0 | Survived 
104 | 5CP | Inoc. |>3.5)| 3. ; 2.6 |<1 Survived 
105A} 4CP | Inoc. <1 <1 Survived 
175 1CP | Inoc. j ; 9 \<1 0 0 | Survived 


\ 


























* CP Culex pipiens. 
CU Culex univitiatus. 

t+ Numbers in the column, “Source of Infection,’’ refer to the miscellaneous animal 
numbers of the infected birds circulating virus on which the mosquitoes were fed to ingest 
the virus. 

t AN1230 strain of West Nile virus isolated from the blood of a pigeon collected at 
Chenuda Farm. 

** Postinoculation neutralization test for West Nile virus (two to four weeks after 
infection). 


Serological surveys indicated that certain common indigenous wild birds had a 
high incidence of immunity to West Nile virus, which, if specific, might mean 
that they could serve as the virus circulating reservoirs from which human-biting 
mosquitoes might become infected. Results of tests according to previously 
described techniques are given in Tables 5 and 6. Because a number of birds— 
particularly hooded crows—died during the postinoculation phase, the deter- 
mination of neutralizing antibody development in many of them was not pos- 
sible. 

Two attempts to infect squabs with Egypt 101 strain of West Nile failed. 
In nine attempts to infect young pigeons with the Ar-248 strain, only one de- 
veloped a circulating titer, and that was only 10-*? on the third postinoculation 
day. Two developed enough neutralizing antibody for 100 LDso by the 30-day 
postinoculation bleeding, and two others gave an inconclusive neutralization 
reaction against the same dose of virus in adult mice. 

However, when the An-1230 strain of West Nile virus, originally isolated from 
a pigeon, was used, circulating titers of a low order but of several days’ duration 
were produced. Two of these birds developed a strong, positive, postinoculation 
neutralization reaction. 





T. H. WORK, H. S. HURLBUT AND R. M. TAYLOR 


TABLE 6 


Mosquito transmission experiments West Nile virus (Strain Ar-248) 
(Incubation at 27-30°C. for 14-21 days)* 





Mosquitoes infected | Mice infected by bite 
Postinoc. Blood 
day titer 





No. | No. No. No. 
tested | infected bitten infected 





Culex pipiens 





Hooded crow, Corvus 
corone sardonius 


bo = m & DO & DO 
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Culex univitiatus 





4 4 
13 13 














House sparrow, 
Passer domesticus 











Culex antennatus 





4 4 
5 4 














Kestrel, Falco 
tinnunculus 
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TABLE 6—Continued 





Mosquitoes infected | Mice infected by bite 
Post-inoc. Blood 
da titer 





No. | No. No. No. 
tested | infected bitten infected 





Culex pipiens 





Bubulcus ibis | lll 





| 
Buff-backed heron, | 110 | 





Palm dove, 
Streptopelia 
senegalensis 





Culex umivitiatus 





175 2 19°%-6 5 5 2 




















* Data indicate that there is probably little change after 14 days of incubation. 
t Discrepancies probably due to laboratory error. 


DISCUSSION 


Serological surveys showed that representatives of all common avian species 
tested from an endemic area of human West Nile virus infection had neutralizing 
antibodies to West Nile virus. 

It is also clear that all the species tested for circulating virus circulated, in 
varying degrees, the low mouse passage Ar-248 strain of West Nile virus which 
was isolated from Culex mosquitoes of the Sindbis area, i.e. house sparrow, Passer 
domesticus; hooded crow, Corvus corone sardonius; buff-backed heron, Bubulcus 
ibis; palm dove, Streptopelia senegalensis; and kestrel, Falco tinnunculus. It is of 
interest to see that the variance in virus circulating capacity was attributable 
more to a difference in species than to individual differences within the same 
species. This is a fact to consider in evaluating the avian species which are most 
important as potential extrahuman reservoirs of circulating virus in studies 
related to finding the most effective arthropod host vectors in environmental 
association with birds. 

The hooded crow had the highest incidence of neutralizing antibodies in the 
Sindbis area. The potential importance of this species was demonstrated further 
by the consistently high circulating virus titers resulting from experimental 
infection studies in the laboratory. The implication of this species was further 
strengthened by the actual isolation of a West Nile virus strain from the blood 
of a hooded crow collected in the field in the endemic Sindbis area (Work et al., 
1953). 

The 100 per cent mortality rate of the birds in this species which were ex- 
perimentally infected would imply that mortality among crows infected in nature 
may be high. However, it is evident that many survive, as indicated by the high 
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percentage of immunes among specimens collected in the summer and winter 
following the peak of the transmission season. 

The pathogenicity of the strain of West Nile virus used for experimental in- 
fection of the crows appears to have been severe. This may be attributable only 
to the chance selection of the strain used in these experimental infections. 
The particular strain used, Ar-248 isolated from Culex antennatus mosquitoes, 
certainly shows considerable modification between the third and ninth mouse 
brain passage as demonstrated by a six-log difference in circulating virus titer in 
crows. Differences and facility of change in strain characteristics have been 
noted for West Nile virus in other work done in Egypt and elsewhere, i.e. original 
strain West Nile virus in high passage versus Egypt 101 in pathogenicity for 
human beings (Southam and Moore, 1952). 

Use of Ar-248 as a standard strain was continued to enable a basic comparison 
of results in all species tested. It has not yet been possible to test pathogenicity 
in crows of other West Nile strains isolated in Egypt. 

Although the initial infection of mosquito vectors in the laboratory for experi- 
mental infection of the birds was by artificial means, infection of mosquitoes by 
feeding on a crow circulating virus, and the transmission of the infection to 
another crow, were easily accomplished and are examples of what may occur 
under natural circumstances. Table 5 shows that house sparrows were infected 
by Culex univittatus mosquitoes which had fed on other sparrows and a crow 
when they were circulating virus in adequate titer. That infected C. univittatus 
can naturally feed on birds was indicated by isolation of a West Nile virus 
strain from a pool of 11 C. univittatus mosquitoes collected from a trap baited 
with a buff-backed heron (Taylor et al., 1955). 

Culex pipiens, Culex univittatus, and Culex antennatus all transmitted the 
virus after feeding on avian blood having a titer as low as 3.5 (Table 6). 

It will be noticed that the number of infected mosquitoes feeding to produce 
the experimental infections had no significance either for the titer or the duration 
of virus circulation. This seems important in demonstrating that the trans- 
mission cycle can be maintained by the feeding of a single infected mosquito. 

The house sparrow appears to be the next most favorable common avian host, 
in terms of both incidence of West Nile neutralizing antibody and virus cireu- 
lating capacity. Although the titer does not run as high nor endure as long as in 
the hooded crow, the sparrow population, which is by far the largest of any 
avian species resident in the Nile Delta, may provide a greater circulating virus 
pool than that of the crows. 

House sparrows proved fairly durable in relation to their size, but it was not 
possible to keep very many alive for a long postinoculation period; hence the 
minimal number of neutralizing antibody tests for this species. The records of 
passage of brain and spleen suspension of sparrows which died in the course of 
the experiments may indicate that some actually died of the virus infection. 

The kestrel appears to be a good circulator although it occurs in nature in 
much smaller numbers. Kestrels survived the infection and trauma of handling 
well and developed neutralizing antibody, as did buff-backed herons. This 
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species circulated at a titer on the borderline of that found necessary to infect 
Culex pipiens for subsequent virus multiplication and transmission. Entomological 
work on the critical titer for infection of mosquitoes will be discussed in another 
presentation of threshold levels for West Nile virus transmission (Hurlbut et al., 
in preparation). 

The palm doves showed circulation below the critical titer in adult nonimmune 
birds, but a dove that was taken as a nestling (An-175), and reared by hand 
for a few weeks before infection, did circulate above 10~ for two days. It is 
interesting to note, too, that all the adult birds survived the infection and 
handling but failed to produce sufficient neutralizing antibody for a one-month 
postinoculation serum to neutralize 100 LDso of West Nile virus. Reference is 
made to the difficulty encountered by Reeves et al. (1954) in producing anti- 
bodies to St. Louis encephalitis virus in California doves of the same genus. The 
close relationship of West Nile virus to St. Louis noted by Smithburn (1942) has 
been mentioned previously. Therefore, it seems that age and susceptibility to 
individual strains may govern virus circulation in this group of birds. 

Of all the other birds tested and infected in this investigation, the pigeon is 
the closest relative of the palm dove. The domestic pigeons of the Sindbis area 
showed a 29 per cent incidence of West Nile neutralizing antibodies. However, 
the isolation of two strains of West Nile virus from pigeons at Chenuda Farm, 
and the large numbers in flocks, indicates that the species may be of considerable 
importance in spite of the low incidence of positive serological reactions. 

Attempts to infect one buff-backed heron, one house sparrow, and one palm 
dove failed when the preinoculation serum neutralized approximately 100 LD 
of West Nile virus. In contrast, almost every one of the attempts to infect indi- 
viduals showing negative reactions to neutralization tests (more than 40 birds 
representing these six species) succeeded, as measured by the recovery of circu- 
lating virus. Besides showing the facility with which the wild avian population of 
juveniles can develop into a pool of circulating virus available for mosquito 
ingestion, the development of neutralizing antibody after infection and the 
resistance to infection of neutralization-positive birds support the specificity 
of the West Nile-immune reaction in birds collected in the wild. 


SUMMARY 


Observations leading to the investigation of common indigenous wild birds 
of the Nile Delta as potential circulating reservoirs of West Nile virus are 
outlined. Methods are described for accomplishing a serological survey of the 
six commonest avian species, namely: house sparrow, Passer domesticus; hooded 
crow, Corvus corone sardonicus; buff-backed heron, Bubulcus ibis; palm dove, 
Streptopelia senegalensis; kestrel, Falco tinnunculus; and rock pigeon, Columba 
livia. Neutralization testing of more than 500 specimens of avian sera showed a 
significant incidence of neutralizing antibodies in all six species collected in the 
West Nile virus-endemic area. 

The hooded crow showed a remarkably high incidence of immunity—more 
than 80 per cent in several localities. In the Sindbis area, the positive incidence 
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in this species diminished in the late spring collection, probably as a reflection 
of the new nonimmune fledgelings introduced during the nesting season, just 
prior to the most active mosquito transmission period. 

To test the implications of this serological survey, experimental infection by 
feeding of West Nile virus-infected Culex pipiens and Culex univittatus mos- 
quitoes on specimens of the common avian species was carried out. Susceptibility 
of all the species was demonstrated by measurement of the titer and duration 
of the postinoculation virus circulation. Similarity of susceptibility and virus 
circulating capacity of individuals in the same species was consistently demon- 
strated. The number of infective mosquito feedings had no relation to titer or 
duration of virus circulation, one bite being as effective as many. Mosquitoes 
were infected by feeding on the infected birds, and subsequently transmitted the 
virus. 

Evidence for specificity of the neutralizing antibody against West Nile virus 
is given. Variable circulating virus titer and virulence relative to strain and 
passage level were verified. 

The hooded crow proved to be the best virus circulator in titer as well as 
duration. The bird-mosquito-bird cycle of transmission was easily demonstrated 
with the hooded crow, house sparrow, and buff-backed heron, as an example of 
what may occur under natural conditions in the endemic environment of the 
Nile Delta of Egypt. 
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SPORES OF HELICOSPOROUS FUNGI RESEMBLING MICROFILARIAE 
IN BLOOD FILMS 


LOIS NORMAN anp ALAN W. DONALDSON 
Communicable Disease Center, Public Health Service, Chamblee, Georgia 


A common diagnostic problem in parasitological laboratories is the differentia- 
tion of artefacts and pseudoparasites from the various stages of the true para- 
sites. This difficulty occurs frequently during the examination of blood films in 
which may be found objects more or less resembling malaria parasites or other 
blood sporozoans, hemoflagellates, or microfilariae. Careful examination will 
reveal that certain of such objects are obviously contaminants of one sort or 
another—bacteria, dust particles, fibrin strands, precipitated stain, lint fibres 
(Wilcox, 1950; Laird, 1951). Recently, Manson-Bahr (1952) reported on the 
occurrence of free-living nematodes of the genus Aphelenchoides as spurious 
parasites in blood films. Often, however, a definite identification may be dif- 
ficult and the laboratory worker faces the dilemma of deciding whether a pseudo- 
parasite, an artefact, or possibly a new species of parasite is involved. Thus the 
precise identification of as many artefacts and pseudoparasites as possible is 
desirable in a diagnostic laboratory. For this reason we are presenting our ex- 
perience with one type of organism which resembles microfilariae in blood films. 

In serving as a reference diagnostic laboratory for parasitological specimens, 
this laboratory repeatedly has received films of human blood bearing coiled, 
nematode-like structures (Figs. 1 and 2). Often these blood films have been 
accompanied by requests for “identification of the microfilariae.’”” On other 
occasions similar structures have been submitted, following recovery from 
sputum (Fig. 3), gastric washings, or feces. Since 1945 more than two dozen 
blood films or other types of clinical material containing such structures have 
been received from nearly as many states. 

Regardless of the type of clinical material, the structures never have been 
present in large numbers. Most often only one could be found on an entire 
blood film; on several occasions, however, two or three occurred on the same 
slide. In several instances, when repeat films were obtained from patients in 
whose initial blood films single structures had been found, examination of the 
subsequent films revealed no such objects. Always obviously extracellular, in 
some preparations the structures were superimposed on the blood cells (Fig. 1), 
whereas in others they appeared to be associated more intimately with the blood 
elements. At times the coil proper was surrounded by a clear area (Fig. 2) 
which could be interpreted either as a form of capsule or as the result of shrink- 
age of the structure during the staining procedure. 

Characteristically these objects were evenly coiled about 114-2 times in a 
single plane. The inner end of the coil was usually attenuated, the outer end 
more blunt. Internally, little definite organization could be seen; irregularly ar- 
ranged, deeply staining granules and clear vacuoles extended along the entire 
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length of the coil. By casual observation, the granules conceivably might be 
confused with the columns of nuclei characteristic of microfilariae. Some speci- 
mens showed a suggestion of septation but in many there was no evidence of 
cross walls. Of interest on one blood film in which was found a typical slender 
coil was the occurrence of a shorter, heavier-bodied object which clearly showed 
septation (Fig. 4). 

All of the structures have been less than 100 microns in length and have 
varied from 1 to 2 microns in thickness. Size alone, therefore, would preclude 
their being any of the microfilariae commonly reported from man. The internal 
structure was not compatible with that of the larval stage of T’richinella spiralis 
which is found in blood. Everything being considered, it seemed most likely 
that these structures were airborne contaminants, a hypothesis which was 
strengthened by a fortuitous occurrence in our own laboratory. By chance, a 
number of slides prepared from stock cultures of Trichomonas were allowed to 
remain exposed to the air for several weeks before being stained. Upon examina- 
tion after staining, a number of these slides were found to bear one to several 
of the same type of structures which had been seen in the blood films (Fig. 5). 
Careful examination of the staining solutions and of the transfer cultures of the 
Trichomonas revealed none of these objects. Assuming that they probably repre- 
sented some type of spore, a literature search was made to determine what 
fungal or other plant elements might resemble them. The excellent monograph 
by Linder (1929) on the helicosporous fungi provided both drawings and photo- 
graphs of the conidia of certain species of this group of molds which closely re- 
sembled the structures seen on the blood films and other slides. 

A culture of Helicosporium lumbricoides was obtained from the American 
Type Culture Collection and after some difficulty sporulation was induced. 
The stained conidia (Fig. 6) closely resembled the structures which had been 
seen on the blood films although septa could be seen without difficulty in the 
spores from this species. However, it was stated in Linder’s monograph that 
other species of the group have spores with indistinct septation. Certain species 
produce gelatinous sheaths around the conidia which might account for the en- 
capsulated appearance of some of the forms submitted to our laboratory. One 
of the contaminating forms found on a slide in our laboratory exhibited a very 
definite sheath-like structure when examined in a wet, unstained preparation. 

According to Linder (1929), the fungi which produce helicosporous conidia 
make up “a group consisting for the most part of saprophytes which obtain 
their nourishment from decaying bark or wood. . . .”’ Likely habitats include the 
moist underside of the bark of limbs of deciduous trees that have fallen to the 
ground in shaded or moist areas. Although the exact geographical occurrence is 
not known, available collection records would suggest that many species are 
widely distributed. 

In the course of our literature search, two references were found which to us 
emphasize the importance of knowing not only the recognized parasitic species 
but also as many as possible of the artefacts and pseudoparasites. In 1915 
Bockhorn described “a hitherto unknown filaria found in the blood of Russian 
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prisoners.” The circumstances associated with Bockhorn’s observations are 
notable in their similarity to our own experience, namely, the occurrence of 
only a single organism on a blood film and the inability to demonstrate similar 
forms in repeat films taken from the same patients. Bockhorn’s identification of 
these structures as filarial worms was challenged by Rodenwaldt (1915) who, 
however, could offer no specific identification as an alternative. Our examination 
of the photomicrographs accompanying Bockhorn’s paper and his description 
of the organisms convinced us that he was dealing with the same type of con- 
taminating structures that we have observed. 

The second reference is a recent paper by Jirovec et al. (1953) in which the 
authors describe a new species of a nematode belonging to the genus Sergentella 
purportedly recovered in blood, in material from a sternal puncture, and in 
material from a gluteal abscess in three different patients in Poland. Again the 
circumstances of finding these organisms paralleled our experience in that only 
a few organisms could be found and repeat specimens from the patients did not 
reveal additional forms. Photomicrographs of these organisms showed objects 
remarkably like the structures that we have observed and which we believe to 
be the spores of a species of helicosporous fungi. 


SUMMARY 


Structures which superficially resembled microfilariae were found on blood 
films and in other types of clinical material. These organisms, however, ap- 


parently are airborne spores of helicosporous fungi and represent contaminants 
on the blood films. It is believed that these objects have been mistakenly identi- 
fied by other workers as microfilariae or as other species of worms. 
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EXPLANATION oF Piats I 


All illustrations are unretouched photomicrographs taken with an oil immersion objec- 
tive (1.8 mm.) and a 10X ocular. All preparations stained with dilute Giemsa stain. 


Fic. 1. Spore found on thin blood film. Note superposition on red blood cells. 
Fie. 2. Spore found on thick blood film. Note encapsulated appearance referred to in 
text. 


Fie. 3. Spore recovered from sputum specimen. 
Fic. 4. Large septate spore found on a blood film which also bore a single spore of the 
type pictured in Figure 1. 


Fic. 5. Spore found on a slide left exposed in the laboratory. 
Fria. 6. Spores from a culture of Helicosporium lumbricoides. 
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A CURSORY SURVEY OF THE INTESTINAL PARASITES OF NATIVES 
LIVING IN SOUTHWEST SUDAN! 


ROBERT E. KUNTZ, DEANER K. LAWLESS anp NOSHY SAAD MANSOUR 


Naval Medical School, National Naval Medical Center, Bethesda, Md., and U. 8. Naval 
Medical Research Unit No. 3, Cairo, Egypt 


The present account is based upon an examination of a limited quantity of 
material taken by the senior author (February, 1953) from natives in the south- 
western part of the Sudan. A series of fecal specimens has provided interesting 
information on the incidence of intestinal parasites from a part of Africa in which 
accurate parasitological surveys are few. Recent development of a simple but 
very reliable and efficient method (Sapero and Lawless, 1953) for preservation of 
stool specimens in the field has been a real boon to investigations of the survey 
type and encourages the collection of materials in unusual situations, as the 
present one, in which absence of equipment and reagents made examination on 
the spot impractical if not impossible. 


MATERIALS AND METHODS 


The greater number of specimens was obtained at the Civil Hospital at Wau, 
in Bahr El Ghazal Province approximately 500 miles southwest of Khartoum, 


from outpatients who had come to the clinic for treatment of wounds, fever and 
other general ailments. Native tribes represented in our series included Dinkas, 
Nuers, Jurs and Zandes. Dinkas were in the majority, comprising about 80 per 
cent of the group. Over 75 per cent of the persons from whom stools were ob- 
tained were males. Ages reported ranged from 13 to 51 years with the majority 
falling in a group 16 to 30 years of age. 

An earlier attempt to collect specimens from individuals or from groups of 
natives in their natural settlements in the Gogriel district 100 miles to the north 
of Wau met with little success. The natives were shy and very dubious of our 
intentions when approached and asked to make a fecal contribution. Native 
superstitions plus rumors spread by several individuals who had previously been 
in hospitals and had been confined subsequent to their giving fecal specimens, 
made collection of stools almost impossible. Furthermore, those natives fortunate 
enough to receive a waxed sputum cup for feces felt that these containers could be 
used to better advantage at home so these items were added to their meager 
collection of household or ‘‘tukl’”’ utensils. 

Fecal samples were fixed by the ‘““MIF” method (Sapero and Lawless, 1953) 


1 The opinions or assertions contained herein are the private ones of the authors and 
are not to be construed as official or reflecting the views of the Department of the Navy or 
the naval service at large. 

The senior author wishes to express his appreciation to Dr. J. F. E. Bloss, Director, 
Medical Services of Ministry of Health, Khartoum, Sudan, who kindly provided data for 
compilation of parasite incidence given in Table 2 and to Dr. J. R. Lauder, Director of the 
Wau Civil Hospital, who gave assistance in collection of materials. 
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since materials so handled are well preserved and stained immediately, and can be 
examined with confidence of reliable identification of protozoan and helminth 
parasites weeks or even months after the date of collection. The prescribed 
volume (9.4 ml.) of “MF” solution was added to each 15 ml. capacity screw cap 
vial prior to departure from Cairo. The iodine solution (.6 ml.) (Lugol’s) was 
added to the MF solution just prior to addition to feces to the vial. Several 
samples the size of a pea were selected from different parts of the stool. The fresh 
fecal material was macerated and thoroughly mixed with the MIF solution with 
the aid of an applicator stick. 

Upon return to the laboratory the specimens were examined by the usual 
direct smear method. Three preparations of several drops each from different 
parts of the preserved feces were examined separately. Following completion of 
examinations by direct smear the same vialed material was subjected to brine 
flotation to recover additional helminth eggs possibly missed by direct prepa- 
rations alone. In this process a saturated solution of sodium chloride solution was 
mixed with the feces in the vial after the supernatant MIF had been poured off. 
A coverglass lowered onto the surface of the solution of the filled vial collected 
the floating film which contained the material desired for examination. 


SURVEY FINDINGS 


An examination of single stool specimens from less than a hundred persons 
admittedly does not present a very accurate picture of the incidence, much less 
an elucidation of the intestinal parasites of concern in a given area. However, 
the data provided by our series bring out several points of parasitological interest 
and have allowed us to compare our figures with the routine findings reported by 
hospitals in the Sudan. Table 1 gives the incidence of helminths and intestinal 
protozoa as determined by the “MIF” field preservation and staining technique 
as employed by us. We have taken the liberty of presenting data (Table 2) 
provided to us by the Ministry of Health, since the incidence given for some of 
the common intestinal parasites of man is quite in contrast to that reported in 
surveys in other parts of East Afria; that listed in general textbooks of tropical 
medicine and parasitology; and that given in our cursory survey. Parasite 
incidence given in Table 2 is based upon an examination of outpatients at five 
different hospitals in the southern part of the Sudan. These figures are based 
upon data presumably obtained from the usual, routine and single saline smear 
made from fecal specimens submitted daily to general hospitals and dispensaries. 

Our findings indicate that Endamoeba histolytica was the most common parasite 
encountered. A total of 67 per cent of the 79 natives were infected, this figure 
including the combined incidence of “small” and “large” races of EF. histolytica. 
Both Endamoeba coli and Endolimax nana were common, as might be expected, 
indicating the general standard of sanitary conditions under which these native 
people live. Dientamoeba fragilis on the other hand occurred at a much lower rate 
than might ordinarily be expected, and was detected in only one person. The 
figures for the incidence of the remainder of the protozoa, are a little lower com- 
paratively, than what would be considered of average occurrence in a population 
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TABLE 1 


Incidence of intestinal parasites recorded from single fecal samples of natives living in the 
Southwest Sudan 





Protozoa 





Endamoeba histolytica (large race) 

eee eee ee ee EE TO ra ae eres ee ee 43 
Endamoeba histolytica (both small and large race). .................--0.eeceececeees 9 
Endamoeba coli 

ONS a aie cikig gd oic's a bare awe bre Bes TR es Rebbe ee a be C eae Mince 43 
Dientamoeba fragilis 

Todamoeba biitschlii 








Ancylostoma 
Ascaris lumbricoides 


Trichostrongylus 
Trichuris trichuira. 


BNE 5 ies SoBe sie sonic ats Re es Ca i ANS. 
Taenia saginata 


Schistosoma mansoni 





Specimens with no protozoa 
Specimens with no helminths 
Specimens with neither protozoa nor helminths 





Total number of fecal specimens examined 





* Values expressed as percentage infection and given as nearest whole number. 


so well seeded with EF. histolytica and E. coli. An exception was Entermonas 
hominis which was recovered from 5 per cent of the persons examined. Although 
this parasite has been reported from various parts of the world, it is con- 
sidered rare or probably accidental (Chandler, 1950) and its incidence is said 
to be unknown (Faust, 1951). A specific identification was not made in the case 
of the single light infection with Isospora. 

Although there has been considerable controversy, there seems to be little 
doubt about the occurrence of two races of E. histolytica, the two being distinctly 
different in morphology, motility, culturability and pathogenicity (Sapero 
et al. 1942). However, surprisingly little attention has been given to this aspect of 
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TABLE 2 


Incidence of intestinal parasites reported by Medical Services of Ministry of Health, Sudan 
Government* 





i Malakal Juba 
Kosti Blue 4 = 
Nile Prov. i, Nile a 


TOV. 





Protozoa: 





Endamoeba histolytica 
Endamoeba coli 
Balantidium coli 
Giardia 

















Helminths: 





Ancylostoma 0.03 | 
Ascaris. ..... 0.2 





Enterobius. . 

Strongyloides....... 

Trichuris. . tacwad 
Hymenolepis nana........ 

Taenia saginata 

Taenia solium 

Schistosoma haematobium .......... 
Schistosoma mansoni.............. 


me Or SCoOOOOM 
wR OM ace @& 


Total number of fecal speci-| 


mens examined{ | 14,904 7,053 

















* Reports from five hospitals in southern half of the Sudan. Incidence expressed as 
percentage infection. 

+t Based upon urine and fecal examinations. 

t Total number of specimens upon which reported incidence is based. Figures represent 
the total number of specimens examined from January 1952 through May or June of 1953. 


amebic infections in parasite surveys. In our series approximately two-thirds of 
the EZ. histolytica infections were of the supposedly nonpathogenic “small’’ race, 
this proportion of “small” to “large” race being similar to that reported by 
Sapero et al. (1942). With respect to this predominance of ‘‘small” race of EZ. 
histolytica, it was of interest to note that doctors in the area in which our materials 
were collected were very casual about amebic infections and stated that only 
two or three serious or chronic ‘“‘amebic’”’ dysenteries were encountered in several 
thousands of native outpatients contacted each year. 

Although it may be assumed that native populations subjected to constant 
exposure of FE. histolytica acquire and maintain certain tolerances for this par- 
asite, it seems likely that such infections might be of more concern than indicated 
by reports. In a composite report listing the incidence of diseases in the Sudan for 
1950 and 1951 there were 139 deaths among 6,261 persons admitted to the 
hospitals with dysentery. Apparently EL. histolytica was not given pathognomonic 
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consideration since no distinction was made between amebic and bacillary in- 
fections. Disregard for the possible seriousness or likely incidence of amebiasis 
may be due in part to the low rates of infection with E. histolytica indicated in 
reports submitted by the central as well as by the field service hospitals. As an 
example one may cite the incidence of 0.1 per cent to 7.2 per cent infection 
(Table 2) with EF. histolytica as given by five hospitals in areas somewhat com- 
parable to that visited by us. Furthermore, only 18 of 2,175 stool specimens 
examined at the Stack Memorial Research Laboratory were positive for this 
parasite. Such low rates of infection in tropical Africa are certainly unexpected 
and it seems possible that reported incidence might be altered if methods similar 
to the “MIF” technique were employed to insure proper fixation of fresh stool 
specimens. 

The incidence, and even the absence of some helminth parasites, was puzzling 
and did not follow the usual correlation with the presence of certain of the 
protozoa. An incidence of 23 per cent infection for Ancylostoma in an area with 
favorable temperatures and an annual rainfall of 40-44 inches is reasonable. 
We were unable however to account for such low rates as recorded for Trichuris 
and Hymenolepis nana in a population in which our observation and a rather high 
incidence of E. histolytica, E. coli and Endolimazx nana indicated a fairly efficient 
transmission of parasites in an environment of primitive sanitary conditions. 
Trichostrongylus was found in only two persons and Strongyloides was not 
detected. The absence of Ascaris, man’s most intimate helminth companion, 
is even more surprising since the parasite is assumed to be found almost 
universally in tropical and subtropical areas and the general living conditions 
and habits of these people certainly appear conducive to such infections. The 
Sudan Medical Reports (1950-1951) also indicated an absence of Ascaris in the 
Bahr E] Ghazal Province during 1950-51 although a total of 45,067 stools were 
examined. 

Note is also made of the absence of Taenia saginata, since this parasite is 
usually considered quite common in East Africa. The meat eating habits of these 
people, though the occasions on which meat is consumed are limited, are such as 
to encourage infection by 7’. saginata. Furthermore, the Dinkas possess many 
cattle and are known for their habit of drinking fresh cow’s blood mixed with 
milk. Further evidence of a very low infection rate for 7’. saginata is indicated by 
data presented in Table 2. 

A study of larger samples of the population would undoubtedly reveal more 
parasites. It seems likely that little more than half of the parasites were revealed 
in the examination of single stool specimens and that our figures would be ex- 
panded considerably if specimens had been taken for several consecutive days. 
Although there has been no special survey for the purpose, it seems that our 
figure of 10 per cent infection for Schistosoma mansoni is low since the natives 
spend considerable time hunting, fishing and bathing in the rivers and water of 
the lowlands. Their close association with water is further expressed by the high 
incidence and evidence of Dracunculus reported for this area. During the drier 
seasons of the year infection is even more efficiently acquired since the natives 
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follow the receding waters and bathe or obtain water for household use from small 
pools in which snail vectors of the schistosomes are concentrated. Obtainable 
data (Table 2) and information gathered by solicitation from local doctors sup- 
port a belief that S. haematobium occurs in only a very few of the residents of this 
area. However, upon questioning the natives through an educated Dinka we 
learned that a number of individuals experience hematuria and pain in the final 
stages of urination. 


SUMMARY 


Examination of fecal specimens from 79 natives living in a tropical region of 
the Sudan revealed that 67 per cent of the people were infected with Endamoeba 
histolytica (‘“‘small’’ and “large’”’ races), one per cent with Dientamoeba fragilis, 
5 per cent with Entermonas hominis, and there was one infection with Isospora. 
Eggs of Ancylosioma and Trichostronglyus were recorded in 3 per cent and 2 per 
cent, respectively, of stools examined. Ascaris was absent although conditions for 
its propagation seemed favorable. There was a single case of infection with 
Trichuris and one with Hymenolepis. Eggs of Schistosoma mansoni were detected 
in 10 per cent of the stools. 
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INTESTINAL PARASITISM IN AN IRRIGATED COMMUNITY OF 
WESTERN NEBRASKA!:? 


GEORGE W. KELLEY, JR. 
Department of Zoology, University of Nebraska 


The abundance and accessibility of water in irrigated regions frequently leads 
to excessive pollution of surface waters. Irrigation canals or drainage ditches 
provide convenient outlets for sewers from rural homes. Laborers doing field 
work are seldom provided with proper latrines and commonly defecate along 
weed-covered irrigation ditches. Water thus contaminated is distributed over 
field crops which may be picked by hand and in some instances may even be 
consumed raw. 

Intensified farming practices common to most irrigated regions require 
migrant laborers. These persons often have lower than average living standards 
and as a group are apt to have a higher degree of intestinal parasitism than the 
local inhabitants. Also such migrant laborers often have little regard for sani- 
tation and contribute more than their share to the pollution of surface waters. 

More land is being irrigated by new reclamation projects and these newly 
developed communities should be free from disease as well as agriculturally 
productive. Good public health of newly established irrigated communities is 
very important and it was hoped that a study of the extent of parasitism in a 
region where irrigation methods have been in practice for many years might 
indicate some effects that such agricultural methods, with their by-products, 
produce on community health. 


Description of the region 


Scotts Bluff County, Nebraska which has been irrigated for over fifty years, 
was selected as an area to be surveyed. It is situated at the extreme western 
edge of Nebraska at an altitude of 4,200 feet, has a total annual rainfall of 15 
inches, a mean temperature of 48 degrees and is characterized by extreme 
diurnal temperature variations. There are about 34,000 people in the county, 
almost equally divided between rural and urban dwellers. The farms are generally 
small and the principal crops are sugar beets, beans and potatoes. Considerable 
manual labor is required to produce these products. In Scotts Bluff County 
such labor is provided by Mexicans of two categories, those coming directly 
from Mexico for summer work and those who are more or less permanent resi- 
dents. One purpose of this study was to determine the incidence of intestinal 
parasitism among the Mexican immigrants and compare it with that of the local 
inhabitants. 


1 Studies from the University of Nebraska Zoological Laboratory, No. 274. 

2 This study was conducted as a special project for the Nebraska State Department of 
Health. 

3 Present address: Department of Animal Pathology and Hygiene, University of 
Nebraska. 
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The population sample 


An attempt was made to obtain stool specimens from a representative cross 
section of the entire population of the county. The county surveyor’s directory 
was consulted to obtain the names and location of rural persons to be examined. 
Generally only one or two families from each square mile were selected. Such 
deliberate scattering was followed to permit wide sampling of the entire area. 
Possibly such randomness may have caused local concentrations of infections 
to be overlooked. Urban sampling was done by selecting two families from each 
block in the towns. Their names and addresses were obtained from the local 
telephone directories. The collection of stools from resident Mexicans was con- 
ducted by a local Mexican social worker since he understood the language 
and customs of these people and had their trust. 

The immigrant Mexicans are directly supervised by the Great Western 
Sugar Company. The company supplied names of farmers to whom Mexicans 
had been assigned so that they might be contacted by the Mexican social worker 
and local health official. 

Epidemiological procedure 


Data on sanitation practices of rural dwellers who were sampled were obtained 
with the aid of the county sanitation officer. These data included information 
regarding adequacy and nature of living quarters, methods of disposal of human 
wastes, upkeep about dwellings, nature of drainage and proximity of irrigation 
to farm buildings. 

No attempt was made to sample every member of each family. However, in 
several instances samples were obtained from two or more members of the family 
unit and from these data observations were made to determine whether parasit- 
ism of one member of the family increased the possibility of parasitic infection 
of the other members. 

Age, sex, race, and occupation of the persons being examined were written on 
a form which accompanied the specimen container to the laboratory. 


Method of obtaining stools 


Special attention was given to methods of obtaining stool specimens from 
those persons selected for the survey. These methods began with a concise 
newspaper article which explained the problem, stated that stool specimens 
would be required, and asked for the cooperation of the county inhabitants. A 
letter was sent to each person who was to be contacted. The letter introduced 
the interviewer, stated the date of his proposed call, re-explained the problem, 
and asked for a stool specimen. Thus, when the interview took place, the inter- 
viewee was already informed and only needed a few points explained. Much 
better success was obtained when the subject had received such a letter than 
when persons were interviewed without being previously notified. 


Parasitological methods 


Fecal specimens were collected in cardboard cartons and brought to the 
West Nebraska Branch of the State Health Department where they were 
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transferred to glass jars and mailed to the central laboratory at Lincoln for 
examination by the writer. During hot summer months a few ml. of 10 per cent 
formalin were added to prevent decomposition in transit. The specimens were 
generally examined within eighteen hours after they were collected. Because 
trophozoites will disintegrate in a short time, only cysts were sought and only 
solid stools examined. 

The zinc-sulfate concentration method (Faust et al., 1938; Faust et al., 1939) 
was used to recover protozoan cysts and helminth eggs. Slides were made for 
microscopic examination by removing the surface film with a wire loop and 
placing it on a clean microscope slide. Films were stained with D’Antoni’s 
iodine, (D’Antoni, 1937) covered with a 74” square cover slip and the entire 
area beneath the cover slip examined for cysts or eggs. Permanent hemotoxylin- 
stained smears were made from stools containing questionable forms. 


RESULTS 


The results of examination of 1,096 stool specimens are presented in Table 1. 
Entamoeba histolytica was found in 3.7 per cent; Endolimax nana in 2.3 per 
cent; Giardia lamblia in 2 per cent and Chilomastiz mesnili in 0.5 per cent of the 
specimens. Four infections of Necator americanus, 4 Ascaris lumbricoides, 4 
Enterobius vermicularis, 7 of the dwarf tapeworm, Hymenolepis nana, and 2 
infections of the beef tapeworm, Taenia saginata were found. 

The total collections were divided into four social groups; (1) Non-Mexican 


whites, (2) Resident Mexicans, (3) Immigrant Mexican laborers, and (4) Ameri- 
can Indians. No evidence of parasitism was found in 9 Negroes and 14 Japanese 
who were examined. 


TABLE 1 


Results of parasitological examination of 1096 persons in Scotts Bluff County, Nebraska, based 
on examination of a single stool from each individual 





: . Immigrant . 
Non-Mexican Mexican American 
whites residents _ Indians Total 


Number examined..... . .|893 111 

Number parasitized.....|163 (18.2)t| 41 (37.0) 
Endamoeba coli..........\131 (14.6) (22.5) 
Endamoeba histolytica....| 14 (1.5) (4.5) 
Endolimaz nana ll (1.2) (8.1) 
Giardia lamblia..........| 8 (0.9) (4.5) 
Chilomastiz mesnili 3 
Necator americanus 3 
Ascaris lumbricoides.....| 0 
Enterobius vermicularis. | 2 
Hymenolepis nana 2 
Taenta saginata 0 





1096* 
(54.5) | 255 (23.2) 
(45.0) | 195 (17.8) 
( 36.3) | 41 (8.7) 
(36.3) (2.3) 
(2.0) 


(77.5) 
(58.6) 
(31.0) 

(3.4) 
(15.5) 


~—mOonmmmpownokanas 


~pwooHraoak 
oooooo orf KP OO 




















*9 Negroes and 14 Japanese who showed no evidence of parasitism are included in the 
total. 


t Numbers in parentheses are per cents of those examined. 
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TABLE 2 


Comparison of parasitism in the urban and rural inhabitants of the non-Mezxican whites; one 
stool for each indvididual 





Number Number infected with | Number infected with | Number infected with 
sampled any parasite E. coli EB. histolytica 





73 (17.5)* | 56 (13.4) 8 (1.9) 
Ree a 89 (18.7) | 75 = =(15.7) 6 (1.2) 





ED caitlin <a 162 (18.1) 131 (14.6) 14 (1.5) 


* Numbers in parentheses are per cents of group. 











The immigrant Mexican laborers had the highest incidence of parasitism; 
77.5 per cent harbored one or more kinds of parasites. The resident Mexican 
group had a higher incidence of parasitism (37 per cent) than the general inci- 
dence (23.2 per cent) and were exceeded only by the American Indians (54.5 
per cent) and the immigrant Mexicans (77.5 per cent). The non-Mexican whites 
had the lowest incidence of parasitism with 16: persons (18.2 per cent) found 
infected. 

The high incidence of infection with Entamoeba histolytica in the American 
Indian group (36.3 per cent) was due to three infections which occurred in one 
Indian family of four, and because of such a limited sample may not have been 
representative of the whole Indian population of the county. The incidence of 
31 per cent found among the imported immigrant Mexicans was not greatly 
different from the 36 per cent incidence in the Indian group. Both groups had 
a much higher rate of infection with EZ. histolytica than any of the other groups 
(4.5 per cent for the resident Mexicans and 1.5 per cent for the non-Mexican 
whites). 

No marked differences existed between rural and urban dwellers (Table 2). 
If parasitism in the community were transmitted primarily by irrigation prac- 


TABLE 3 
Effect of domestic sanitation on parasitism of rural non-Mezican whites 





Indicators of domestic sanitation el _— Endamoeba coli Mittoloties 





Septic tank. 207 (17.3)* 33 (15.9) (0.5) 
Privy....... 104 (23.0) 20 (19.2) (0.9) 
Acceptable yard 193 (18.6) 32 (16.5) 
Littered yard... 119 (20.0) 21 (17.6) (1.6) 
Adequate housing.......... 266 48 (18.0) 43 (16.1) (0.4) 
Poor housing 46 11 (23.9) 10 (21.7) (2.1) 
Privy, poor yard. . 67 12 (17.9) 10 (14.9) (1.4) 
Privy, poor yard, and poor 

housing aa ad 33 6 (18.1) 6 (18.1) 

















312 59 (18.9) | 53 (16.9) 





. Numbers j in parentheses are per cents of groups. 
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TABLE 4 


The incidence of protozoan infections of 140 families from which two members were sampled 





| 
Observed Expect by chance alone 


Both infected 14* | 





RRM ici e.cds' BERS. BAT 40* 


Neither infected 86 


8 
5 
81 





* The Chi square test indicates that this difference is statistically significant beyond the 
one per cent level of confidence. 


tices or by closer contact with migrant laborers, one would anticipate a higher 
incidence of infection in the rural group. 

No marked differences in incidence of amebic infections were noted for any 
particular age group of the non-Mexican white population (Table 5). How- 
ever, there appears to be a decline in the incidence of E. coli after 55 years that 
is not displayed by ZL. histolytica. The imported Mexican laborers ranged be- 
tween 20 and 35 years of age and age distribution of infections was not con- 
sidered in this group. 

Sanitation reports accompanied the specimens from 312 of the rural-dwelling 
non-Mexican whites. Parasitism in this group was compared with items which 
might be indicative of sanitary habits of the individuals (Table 3). Those persons 
having privies instead of indoor toilets had a slightly higher incidence of para- 
sitism. The same was noted for those persons having littered, unkept yards or 
inadequate housing. However, persons who had both a privy and a littered, 
trashy yard had an incidence below the mean. Parasitism in those persons who 
had the combination of three poor sanitation indicators (littered yard, privy, 
and inadequate housing) was also lower than the mean. 

Parasitism of one member of the famlly appears to increase the chances that 
other members will be infected. One hundred forty cases were analyzed in which 


TABLE 5 


Incidence of parasitism in non-Mezxican whites by ages; one stool for each individual 





r Number infected Number infected Number infected 
Number sampled | with any parasite with E. coli with E. histolytica 





49 (4.0)* (4.0) 
129 (17.8) (17.0) 
116 (18.9) (15.5) 
145 (21.4) (15.1) 
194 (23.2) (19.0) 
113 (21.2) (17.7) 
85 (9.4) (7.0) 
62 (11.2) (6.4) 


(0.8) 
(1.7) 
(2.7) 
(1.0) 
(2.6) 
(2.1) 
(1.6) 


He Wh rk DK O 











Total 893 162 (18.1) (14.6) 


—_ 
rs 


(1.5) 











* Numbers in parentheses are per cents of group. 
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two members of the family were sampled. Of these 140 pairs, 86 pairs were free 
from protozoan infections, 40 pairs had one infected and one non-infected mem- 
ber, and 14 had both members infected. Assuming that if one member of the 
family were infected the others would be more apt to be infected, one should 
find fewer pairs with only one infection than expected by chance and more 
pairs with both infected than expected by chance. Such was the case (Table 4), 
suggesting that intestinal protozoa are probably more frequently transmitted 
by personal contact than by widespread contamination of drinking water and 
garden vegetables with human feces. 

Sawitz and Faust (1942) estimated that only about 30 per cent of intestinal 
protozoan infections will be revealed by examination of a single stool specimen. 
Since the results reported herein are based on examination of only one specimen 
from each subject by a technic which recovers only cysts, it could be assumed 
that no more than 30 per cent of the protozoan infections existing in the sample 
were found. 

DISCUSSION 


The intestinal amebae have succeeded in overcoming the sanitary barriers 
erected against transmission of enteric diseases. In fact, it appears that ordinary 
sanitation has little effect upon transmission of intestinal protozoa. In Scotts 
Bluff county, the rural dwellers who came in contact with fecally polluted water 
and who live near a group of people (the immigrant Mexicans) who are heavily 
infected with EH. histolytica and who are unfamiliar with proper sanitation, have 
the same incidence of amebic infection as the urban population living under 
approved sanitary standards. The U. S. Army, 406 Med. Gen. Lab. (195la; b), 
found analogous situations existing in Japan and Korea where fertilizing with 
human feces resulted in Ascaris infections in 90 per cent of the population but 
E. histolytica in only 10 per cent. These reports suggested that cysts of FE. histolyt- 
ica so rapidly succumb to external environmental conditions that human feces 
soon lose their infectivity. Hall (1938) suggested that FE. histolytica can sur- 
mount sanitation barriers because it is commonly transmitted by cysts from 
the perianal folds rather than in feces. He found that the incidence of amebiasis 
among laundry women in Chicago was higher than the general population and 
attributed it to the handling of underwear, wash cloths, towels and sheets which 
had been in contact with the perineums of infected persons. Amebic cysts are 
commonly found on cellophane swabs which have been pressed against the 
perineum in examination for pinworm. Ivanhoe (1943) found viable cysts of 
E. histolytica on underwear, wash cloths, towels and in the wading pool of an 
orphanage and she was able to lower the incidence of amebiasis among the 
institutionalized children when these sources of infection were remedied. 
D’Antoni (1952) has stated that infected mothers frequently transmit amebiasis 
to their children during maternal care. The Scotts Bluff study indicates that 
transmission is more successful within the family group (Table 3). 

Epidemics of amebiasis, although not widespread, have been serious (Craig, 
1917; McCoy et al., 1936 and Ritchie et al., 1948). The “triggering mechanisms” 
of such epidemics are unknown. In two of these instances (McCoy et al., 1936; 
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Ritchie et al., 1948) the organism was apparently water-borne by infiltration of 
sewage into the water system; however, in both instances the conditions were 
rather long standing and suggested that fecally polluted water had been drunk 
with no harmful effect until some factor “triggered” the pollution into an epi- 
demic of amebiasis. Scotts Bluff county, Nebraska, annually imports a dangerous 
reservoir of amebiasis which could lead to an epidemic among the resident 
population if the ‘trigger mechanisms” should be present. 

The above survey did not indicate any general transfer from the immigrant 
Mexican laborers, but the incidence of infection among this group is so high 
that should conditions become favorable for transmission the results could be 
serious. 


CONCLUSIONS AND SUMMARY 


The incidence of parasitism in Scotts Bluff County, Nebraska approximates 
the estimated national average. Intestinal protozoa appear to be generally 
transmitted by some method other than in feces. Importation of the heavily 
infected Mexican laborers into the county could supply the infective material 
for an epidemic or a build-up of amebiasis, although at present no important 
transfer to permanent residents seems to have occurred. 
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SEROLOGICAL REACTIONS AGAINST EGG ANTIGENS AS AN AID 
IN THE EVALUATION OF THERAPY IN SCHISTOSOMIASIS! 


JOSE OLIVER-GONZALEZ, FRANK L. RAMOS anv COIT M. COKER 


Departments of Microbiology and Medicine, School of Medicine-School of Tropical Medicine, 
San Juan, P. R. 


The successful administration of Fuadin and other schistosomicidal drugs to 
patients with Schistosoma mansoni results in the gradual loss of the ability of the 
adult worms to produce eggs and finally in the death of the parasites. Where 
the treatment is not effective the worms recover their egg-laying capacity and 
eggs appear once more in the feces. The presence or absence of viable eggs in the 
stools and/or biopsies of rectal mucosa, therefore, is often used to determine 
the effectiveness of the treatment. Examinations for the eggs in these cases should 
be continued at least for six months after therapy. The difficulties encountered 
in attempting such a follow-up often makes it impossible to obtain a satisfactory 
evaluation of the treatment. 

Preliminary studies have shown that antibodies produced against the eggs of 
the human schistosome offer simpler and more accurate methods of evaluating 
therapeusis than the above mentioned techniques (Oliver-Gonzélez et al. 1954, 
1955). It was noted that the circumoval precipitation diminished after Fuadin 
therapy. It was also found that persons with an active case of schistosomiasis gave 
negative skin reactions to egg antigen but the reaction becomes positive in 
treated cases. The present paper is the result of further study on the possible use 
of both of these tests in the evaluation of the treatment of schistosomiasis. 


MATERIALS AND METHODS 


Drug administration. The 22 individuals selected for this study were all males, 
ranging from 19 to 42 years of age. They were all well developed, in moderate to 
good state of nutrition and, as far as could be determined, the infection with 
S. mansoni was the only disease present. None exhibited gastrointestinal symp- 
toms attributable to schistosomiasis, but some presented a firm hepatomegaly of 
one to three cm. under the right costal border. 

Fuadin? was administered to fifteen patients and seven were used as untreated 
controls. The drug was given initially in daily intramuscular doses of 5 cc. until 
reactions to the drug indicated that it was advisable to give the injections on 
alternate days. This latter regimen was continued until the total dosage was 
100 cc. The patients were weighed regularly and examined for toxic manifestations 
before each injection. White blood cell counts and urine analysis were regularly 
performed. Stools were examined at 6 to 8-day intervals, using the Ritchie forma- 
lin-ether technique (Ritchie, 1948). 


! This study was supported by a grant from the Preventive Medicine Research Division, 
Department of the Army, Washington, D. C. 

? Fuadin, sodium antimony bis-catechol-2,4-disulfonate heptahydrate was generously 
donated by Winthrop-Stearns, San Juan, P. R. 
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Serological studies. Blood samples were obtained before and periodically during 
and after treatment, throughout a 183-day period of study. The sera were tested 
for circumoval precipitins, according to the technique described elsewhere 
(Oliver-Gonzalez et al., 1954, 1955). The serum samples from each individual 
patient were always tested simultaneously against the same batch of antigen. 

Skin tests using adult, cercarial and egg antigens were also performed on the 
infected individuals who received treatment, and on those of the untreated con- 
trol group. The tests were done once monthly for a period of six months. The 
techniques for preparation of antigens and evaluation of positive reactions have 
been described previously (Oliver-Gonz4lez et al., 1954, 1955). 


RESULTS 


Since the administration of Fuadin differed from the conventional method it 
would be well to describe the toxic manifestations observed. Five daily injections 
were well tolerated by all patients, then two developed symptoms after the fifth, 
two after the sixth, four after the seventh, four after the eighth, two after the 
tenth injection and one tolerated without reaction thirteen daily injections. The 
initial reactions were mild so it was possible to continue the daily injections for 
some time after they appeared. Two patients received eleven daily doses, three 
received twelve, four received thirteen, four received fourteen, and two received 
fifteen before it was considered necessary to change the administration to alter- 
nate days. 

The most frequently observed reaction was a steady loss of weight, ranging 
from one to twelve pounds, with an average of 4.3 pounds, which occurred in 11 
instances, and was greater in those having anorexia and vomiting. Three patients 
gained from one to two pounds and another kept his original weight. Anorexia was 
present in eight cases, nausea in seven and mild, morning vomiting in six. Post- 
prandial epigastric distress appeared in three, constipation in two, and one 
experienced a self-limited, transitory bout of watery, brown diarrhea during one 
day. These symptoms appeared for 1 to 8 days, and rapidly subsided when the 
administration of the drug was changed to alternate days. Definite hepatic en- 
largement during treatment was observed in four cases, decrease in size in two 
and no change in nine. Neither hematological nor urinary abnormalities occurred. 

Mild frontal headache, especially during the mornings, was present in three 
cases and generalized body aches in seven. The latter appeared between the 8th 
and 15th daily injections and subsided rapidly when the alternate day regimen 
was used. In six cases they were mild to moderate in intensity but one patient 
remained in bed for two days because of body aches and pains. These were most 
severe in the lumbar region, thighs and calves, and were most intense when the 
patients arose from bed. 

A few days after completion of therapy no more complaints were made and in 
about two weeks all patients had regained the weight lost. In spite of clinical 
and physical improvement, the hepatomegaly persisted during the period of 
observation in the individuals who had it previous to treatment. 

One stool was collected weekly from most of the patients, and a total of 20 to 
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TABLE 1 


Circumoval activity of sera from individuals infected with 8. mansoni before and after therapy 





Per cent of eggs affected, degree of precipitation 





Days after treatment 
Patient number 





Before treatment 60 days 120 days 





rls 


17.9—3+ 15.0—4+ 0—0 
29.1—4+ 29.0—4+ 2.0—2+ 
21.4—4+ 10.0—4+ 4.0—4+ 
21.8—3+ 4.0—4+ 0—0 
22.8—4+ 31.0—4+ 3.0—2+ 
12.8—3+ 3.0—2+ 1.0—1+ 
18.1—4+ 21.0—4+ 0—0 
26 .3—4+ 4.0—2+ 4.0—2+ 
6.8—3+ 10.0—4+ 4.0—4+ 
25.0—3+ 15.0—4+ 0—0 
19.1—4+ 10.0—4+ 3.0—4+ 
30.0—3+ 12.0—4+ 0—0 
36.3—4+ 7.1—4+ 5.0—4+ 
27 .3—4+ 5.5—4+ 2.8—4+ 
19.4—4+ 0—3+ 0—0 


[I2E2TIL22 
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23 stools were examined from each individual. All stools became negative for live 
and dead eggs within two weeks after treatment. The stools continued negative 


in all patients except number 6 who passed live S. mansoni eggs on the 147th and 
183rd day after treatment. 
Circumoval precipitin activity and skin reactions before and after therapy. Initially 


TABLE 2 


Skin reactions against aduli, cercarial and egg antigens among individuals infected with 
S. mansoni before and after Fuadin therapy 





Days after treatment 
Before treatment 





30 120 150 183 





Antigen tested 

” Positive | Num- | Positive yp" Positive | Num- | Positive Positive 
ber of | reactions | bet of | reactions| ber,of | reactions reactions 

indi- indi- indi- 

viduals | viduals | ~~ vidua 

tested $| Be | tested $| ae 








S| x S| x 








Treated individuals 


14 93.3 15 ‘ 14| 93.3 


14 0 15 . 5 93.3 





0} 0 5) 33.3 


Untreated individuals 


7 100 
7| 100 


ress scence 0| O 
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the sera of the 22 patients produced heavy circumoval precipitation when incu- 
bated with living schistosome eggs. In the treated group the ability of the sera 
to produce the precipitate began to diminish gradually between the 60th and 
120th days. As will be noted in Table 1, by the 120th day 5 (33 per cent) of the 
treated patients gave negative reactions. By the 183rd day sera of 13 (86.6 per 
cent) of the patients were negative. There was no reduction of serum activity 
in the untreated group during the 183-day period of observation. 

The skin reactions to antigens prepared from S. mansoni eggs were negative in 
all of the twenty-two individuals tested prior to treatment. This is in accord 
with previous findings in which individuals with active, untreated schistosomiasis 
gave a negative skin response (Oliver-Gonzalez et al., 1954, 1955). They continued 
to be negative in all cases up to the 150th day, when 5 (33.3 per cent) out of the 
15 in the treated group gave positive reactions and 30 days later 11 (78.9 per cent) 
out of 14 of this same group were positive. The 7 infected individuals who were 
not treated remained skin-test negative to egg antigen throughout the 183-day 
period of observation (Table 2). No changes in the reactions to adult and cer- 
carial skin test antigens were noted in the treated and untreated groups. 


DISCUSSION 


The present study confirms earlier findings that circumoval precipitation tends 
to decrease with adequate Fuadin therapy. It indicates, as well, that the skin 
test with egg antigen tends to become positive in treated patients. One of the two 
patients of the present series, in whom the circumoval test was still positive after 
treatment and whose serum showed the greatest activity, had eggs in the stool 
on two different examinations toward the end of the period of observation. Eggs 
were not found in the feces of the other patient, but it is suspected that a small 
number of worms remained. It will be noted that the activity of the circumoval 
precipitin increased in both instances, between the 120th and 183rd days. This 
probably corresponds to the recovery and return to egg production of some 
worms. If this hypothesis is correct eggs should eventually be found in the pa- 
tient who was circumoval-positive and in whom no eggs were found. It is planned 
to continue observations on all the treated patients for at least another six 
months. 

The two patients with sera giving positive circumoval precipitation after 
therapy, also elicited positive skin reactions to egg antigen. A positive skin reac- 
tion to this antigen, therefore, indicates that therapy has been administered, but 
not necessarily the death of all worms. This was also observed in a group of indi- 
viduals who had not received adequate doses of Fuadin, who reacted positively 
to egg antigen, but still passed eggs in the stools (Oliver-Gonzdlez et al., 1954, 
1955). A negative circumoval test accompanied by a positive skin response would, 
therefore, be more indicative of termination of infection. 

The decrease in circumoval antibody activity might conceivably be attributed 
to a nonspecific action of the drug. This is very unlikely, since, if due to the drug, 
the maximum reaction would have been observed earlier than the 183rd day. 

In experiments with mice it was found that single sex infections did not pro- 
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duce circumoval precipitins (Oliver-Gonzélez et al., 1954, 1955). If this is also 
true of single sex infections in man, it is not a serious limitation to the test. As 
long as the infection is confined to a single sex, it does not present a medical 
hazard of much importance. 

The fact that the skin tests to the egg antigen remained negative in the un- 
treated patients, while in the treated group they became positive, indicates that 
the reaction was not caused by hypersensitivity due to repeated injections of the 
antigen. The results obtained with both of the egg tests indicate that the skin 
sensitizing material and the circumoval precipitins are different antibodies. The 
reason for the inverse relationship between them is not clear and further work 
will be necessary to understand it. 


SUMMARY 


Fifteen individuals infected with Schistosoma mansoni received daily intra- 
muscular injections of 5 cc. of Fuadin until toxic reactions to the drug made it 
necessary to give this amount on alternate days. The treatment was continued 
until a total of 100 cc. had been given. The sera from these patients were tested 
for circumoval precipitins before and at regular intervals after therapy. For 
comparison seven untreated cases were given similar tests. The circumoval test 
became negative in 13 of the sera tested between the 120th and 183rd days of 
observation. It is believed that the two cases that remained positive represented 
treatment failures. The sera of the seven untreated patients remained positive 
throughout the period of study. 

The skin reactions to antigens prepared from schistosome eggs were negative 
before treatment but became positive in 11 of 14 patients tested 183 days after 
therapy. Positivity was first manifested on the 150th day after treatment. The 
observations indicate that the circumoval precipitin content of sera and the 
skin response to egg antigen are inversely altered as a consequence of treatment. 
The results of the former are believed to indicate that all but two patients were 
cured with Fuadin. The change from negative to positive skin reaction observed 
in 11 out of 14 patients is suggestive of some action by the drug which sets up skin 
sensitization but not necessarily that treatment was successful. 

The most important toxic reactions caused by treatment were loss of weight, 
anorexia and vomiting. These reactions, however, did not warrant discontinua- 
tion of the drug. 
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THE PORTAL CIRCULATION IN HEPATIC FIBROSIS ASSOCIATED 
WITH BILHARZIASIS 


ERNEST BIBAWI, AHMED A. EL-DEEB ann MAHMOUD M. MAHFOUZ 
Kasr El Aini Hospital, Faculty of Medicine, Cairo, Egypt 


Hepatic bilharziasis is considered by many pathologists to be the result of 
deposition of Schistosoma eggs in the liver. The eggs obstruct and penetrate the 
branches of the portal vein and may be deposited either in the large portal tracts 
producing the coarse type of bilharzial hepatic fibrosis or in the small tracts 
producing the fine diffuse form of hepatic fibrosis. In the former there is marked 
thickening of the main and medium portal tracts, while in the latter the fibrous 
thickening mainly involves the small portal tracts. 

In the lobules of the normal liver, the terminal vessels of the hepatic artery 
and the portal system alternate in an orderly way before opening into the central 
veins, the exchange between the two systems only occurring across the sinu- 
soidal beds. McIndoe (1928) showed that in cirrhosis this orderly arrangement 
is lost and that the vessels of both the portal and hepatic systems are distorted. 
Epplen (1922) demonstrated the occurrence of intrahepatic communications 
between the hepatic artery and the portal venous system in cirrhosis. As a result 
of the higher pressure in the hepatic artery, the flow of blood in the portal system 
is restricted with a resulting increase in the portal pressure. Ibrahim found a 
rise of the portal pressure in bilharzial hepatic fibrosis and that this pressure 
falls after ligature of the hepatic artery, apparently due to the diminution of the 
amount of blood shunted from the hepatic artery to the portal venous system 
through the intrahepatic communications. 

Our aim in the present work is to study the effects of hepatic fibrosis associated 
with bilharzial mansoni infection on the portal circulation as regards its rate, 
the extent and the manifestations of the developed collateral circulation, and 
the pathological changes in the portal bed. 


CLINICAL MATERIAL AND METHODS 


This study was made on 50 cases of hepatic fibrosis associated with Schistosoma 
mansoni infection and on 20 normal control cases in which the liver and spleen 
were not palpable and the blood count and the liver function tests showed no 
abnormality. The diagnosis of hepatic fibrosis has been verified by microscopic 
examination of biopsy material obtained by liver puncture or during the operation 
of splenectomy. Records were made on the size of the liver and spleen, the occur- 
rence of hematemesis, collateral circulation in the abdominal wall, venous hum, 
hemorrhoids and ascites. The following investigations were made: urine and stool 
examination for bilharzia eggs, blood count, sigmoidoscopy for bilharzial lesions 
of the lower colon, the icterus index, the thymol turbidity test, the albumin 
globulin ratio, the lobeline systemic circulation time, the ether portal circulation 
time (E.P.T.), the lobeline spleen carotid time (S.C.T.), splenic venography and 
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roentgen examination of the oesophagus in the horizontal position after a barium 
swallow using the Valsalva procedure. 

The ether portal circulation time (Newman and Cohen, 1949) which is the 
time between injection of ether vapor into the rectum and its appearance in the 
expired air, is recorded and by subtracting from it the previously estimated ether 
arm-lung time, the E.P.T. is obtained. 

The spleen carotid time (Bibawi, Mahfouz and Massouda, 1954) is the time 
between the injection of lobeline into one of the splenic sinusoids and the occur- 
rence of the end point, which is usually represented by an inspiratory gasp de- 
pendent on reflex stimulation of the respiratory centre through the chemore- 
ceptors of the carotid body or occasionally by a short paroxysm of coughing. 
In the absence of portal obstruction, lobeline passes through the liver before 
it reaches the systemic circulation, but in the presence of such an obstruction, 
it may reach the systemic circulation via the porto-caval shunts. Thus the §.C.T. 
in hepatic fibrosis will become modified, the change depending on the degree of 
obstruction and the extent of the developed collateral circulation. The lobeline 
systemic circulation time must be determined beforehand, as factors which 
change it have a similar effect on the S8.C.T. 

-Lobeline hydrochloride, 20-30 mg. diluted in 10 cc. saline, are rapidly injected 
into one of the splenic sinusoids in the same way as described in splenic venog- 
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E.P.T., ether portal circulation time; 8.C.T., spleen carotid time; Syst. C.T., lobeline 
systemic circulation time. 
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raphy below, and the stop watch is simultaneously started with the beginning 
of the injection, to be stopped when the reflex end point has been reached. 

By splenic venography (Dreyer and Olsen, 1952) the splenic vein and part of 
the portal circulation can be made visible by the injection of radio-opaque ma- 
terial into the spleen without laparotomy. We used the following technique. 

The patient lies supine on the X-ray table, the skin over the splenic area is 
cleaned and the tissues in the ninth intercostal space in the mid-axillary line are 
infiltrated with local anesthesia. A lumbar puncture needle is introduced at this 
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Findings in cases without ascites 
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Alb. glob., albumin/globulin; B.Pt., blood proteins; Collat.V.abd.wall, collateral veins 
in anterior abdominal wall; F.C.M., fingers below costal margin in midclavicular plane; 
I.I., icterus index; N.P., not palpable; Th.T., thymol turbidity test; +, present; —, absent. 
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TABLE 3 


Findings in cases with ascites 
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TABLE 4 


Incidence of hematemesis and collateral veins 





Total cases Non ascitic cases Ascitic cases 





Hematemesis 7 (14%) 2 (6.7%) 5 (25%) 
Esophageal varicosities 15 (30%) 5 (16.7%) 10 (50%) 
Collateral veins in anterior abdominal 


27 (54%) 12 (40%) 15 (75%) 














TABLE 5 
Changes in the E.P.T. 





EBP.CT. No. of cases without ascites No. of cases with ascites 





Less than 15 seconds 2 (6.7%) 1 (5%) 
15-25 seconds 7 (23.3%) 4 (20%) 
26-40 seconds 8 (26.7%) 6 (30%) 
Above 40 seconds 13 (43.3%) 9 (45%) 
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point perpendicular to the skin surface and pushed slowly while the patient 
breathes deeply, until one feels a scratching sensation as the point of the needle 
rubs against the splenic capsule. The patient is then instructed to take a deep 
breath and hold it while the needle is directed upwards, medially and posteriorly 
and the spleen is rapidly punctured. It is inserted 24% cms. in the normal sized 
spleens and for 4-7 cms. in the hugely enlarged spleens and the trocar is removed. 
When the needle is in one of the splenic sinusoids blood comes out of it in drops; 
if this does not occur, the needle should be gently manipulated until drops of 
blood appear from it. Then 20-30 ec. of ioduron 70 per cent are rapidly injected. 
Radiograms are made, half-way through, and just before and at the time of 
completion of the injection. 

Serious complications of percutaneous intrasplenic injections are uncommon 
and include intraperitoneal hemorrhage from tears in the splenic capsule, injury 
to the intra-abdominal organs especially the splenic flexure of the colon and the 
stomach, infection and jaundice. The procedure, however, can be safely per- 
formed provided that suitable cases are chosen and a proper aseptic technique 
is followed. It is contra-indicated in the presence of prolonged bleeding and co- 
agulation times, splenic infection, recent splenic infarction as the spleen is friable, 
splenic tenderness which denotes that the capsule is tense and in the presence 
of skin infection at the site of puncture. The complications met with in the 


Fig. 1. Spleno-portal venogram of a boy aged 12 years showing dilatation, tortuosity 
and patency of the splenic and portal veins. Case of early hepatic fibrosis associated with 
bilharziasis. 
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present series of cases were pain during or for some time after the injection and 
jaundice which occurred in only one case but rapidly cleared. 
RESULTS 

The results obtained in twenty normal control cases, thirty cases of bilharzial 
hepatic fibrosis and bilharziasis without ascites, and in twenty cases with ascites 
are shown in Tables 1, 2 and 3, respectively. 

In the 50 cases examined, hematemesis occurred in 7 (14%), varicose veins 
at the lower end of the oesophagus and in the neighboring stomach (roentgeno- 
logically demonstrated) in 15 (30%) and collateral veins in the anterior abdom- 
inal wall in 27 (54%). They occurred more frequently in cases with ascites than 
in cases without ascites, (Table 4). Hemorrhoids occurred so frequently as to be 
of no statistical value. Venous hum occurred in three cases; in two of these it 
was situated in the epigastric region and over the lower part of the chest and 
in the third it was only heard in the left iliac fossa at the lower pole of the en- 
larged spleen. An accessory spleen, proved by operation, was felt in two cases. 
In one of them it was present near the anterior border of the spleen and in the 
other it was felt and could be moved over the parietal surface of the spleen. 


Fic. 2. Spleno-portal venogram showing patency and slight dilatation of the splenic and 
portal veins. The inferior mesenteric vein is completely filled with the dye, an evidence of 
reversal of the blood flow and developed porto-systemic shunt due to portal hypertension. 
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The normal E.P.T. was between 15-25 seconds. In hepatic fibrosis associated 
with bilharziasis it was usually prolonged but sometimes it was normal and 
occasionally it was reduced (Table 5). There was no significant difference in the 
degree of delay of the E.P.T. in cases with and without ascites. Similarly there 
was no relation between the change in the E.P.T. and the size of the liver, the 
size of the spleen and the degree of liver affection as shown by the liver function 
tests. 

The normal spleen carotid time was between 9 and 13 seconds. In the non- 
ascitic group it was normal in 17 (56%), reduced in 5 (17%) and prolonged in 
8 cases (27%); while in the ascitic group it was normal in 15 (75%), reduced 
in 3 (15%) and prolonged in 2 cases (10%). Splenic venography done to some 
of these cases showed that in those who had a short, and in the majority of 
those who had a normal 8.C.T., the collateral circulation was abundant and 
well developed; while in those with prolonged 8.C.T. it was usually lacking. 

Splenic venography was done in 10 cases. The contrast medium reached the 
portal vein in 3 seconds, disappeared from it in 5-7 seconds and left a blush in 


Fic. 3. Spleno-portal venogram of an adult showing splenic thrombosis occurring at 
the hilum of the spleen. There is marked dilatation of the splenic capsular veins and a well 
developed collateralciculation with the umbilical veins. 
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the liver which continued for 15 seconds. The splenic and portal veins were 
usually dilated and tortuous. Portal vein thrombosis occurred in one case and 
splenic vein thrombosis occurred in another. In early and moderately advanced 
cases of cirrhosis the primary, secondary and occasionally the tertiary branches 
are well seen, tortuous and dilated. It is only in the early cases that the fine 
branches can be traced to the edge of the liver. In advanced cirrhosis, the intra- 
hepatic branches are vaguely seen and a picture of diffuse opacity (blush) not 
reaching the periphery of the liver replaces the details of the usual intrahepatic 
pattern. Deep collateral vessels were made visible in 5 cases; the vessels involved 
were the short gastric, paraumbilical and the splenic capsular veins. Filling of 
the superior and inferior mesenteric veins occurred in one case. These changes 
are shown in Figures 1, 2 and 3. 


DISCUSSION 


In portal hypertension an extensive venous collateral circulation may develop 
in the esophagus, rectum, retroperitoneal vessels and in the anterior abdominal 
wall. MeIndoe (1928) found that in cirrhosis, most of the fluid which is perfused 
through the portal veins passes via the collateral vessels into the caval system. 
Walker (1952) believed that neither the size of the spleen nor the occurrence 
of ascites is an indication of the level of the portal blood pressure and that the 
clinical diagnosis of portal hypertension usually rests on the demonstration of 
esophageal varicosities. In hepatic fibrosis associated with bilharziasis, especially 
in cases with ascites, collateral vessels are frequently seen in the anterior abdom- 
inal wall, in roentgenograms of the esophagus after a barium swallow and in 
films of splenic venography. 

Hematemesis occurred in 14 per cent of the patients studied in this work, 
the incidence being greater in cases with ascites (25%) than in those without 
%). In another larger series of 170 cases of hepatic fibrosis associated 
with bilharziasis examined by one of us (E.B.), it occurred in about 17 per cent. 
Rolleston and MecNee (1929) reported that hematemesis occurs in about 25 
per cent of all patients dying with a cirrhotic liver. Hematemesis occurring in 
bilharzial hepatic fibrosis is usually slight or moderate and rarely severe. Gross 
hemorrhage occurs more frequently in other causes of portal hypertension; 
Chaney (1923) reported it in 55 per cent of the so-called Banti’s syndrome and 
Collins and Knowlton (1939) in 34.5 per cent of splenic anemia. 

Walker (1952) found that in intrahepatic obstruction by fibrosis the average 
portal pressure was higher in patients who bled from the esophagus than in 
those who had ascites. In patients with hepatic cirrhosis, hematemesis arises in 
80 per cent of cases from varicose esophageal veins (Bockus, 1949), in the re- 
mainder it arises from other causes such as gastritis and erosions, peptic ulcer, 
varicose gastric veins and from the pharynx (Rolleston and McNee, 1929). 

Splenic venography usually yielded evidences of portal hypertension, viz., 
dilatation and tortuosity of the splenic and portal veins and the intrahepatic 
branches of the latter, development of collateral circulation and reversal of the 
blood flow in the portal bed as shown by the entry of the radio-opaque material 
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into the superior and inferior mesenteric veins. It also offers information of the 
degree of hepatic fibrosis and of patency or thrombosis of the splenic or portal 
veins. The demonstration of patency of the latter vein is of prime importance 
when surgical treatment of portal hypertension by performance of portacaval 
shunt operations is considered. Thrombosis of the portal vein occurs in at least 
11 per cent of all cirrhotic patients irrespective of the degree of cirrhosis (Hunt 
and Whittard, 1954) and that of the splenic vein occurs in 24% per cent of bil- 
harzial hepatic fibrosis (Erfan, 1947). 

In the liver, the radio-opaque material perfused both lobes. A similar observa- 
tion was reported by Dreyer and Olsen (1952). Thus doubt is thrown on the 
“streamlike phenomenon” in the portal vein described by Sérége (1902) and 
by Copher and Dick (1928) who claimed that, in the portal vein, two more or 
less separate currents of blood, each derived from a different territory, existed 
side by side, and that the blood from the intestines passes mainly by the right 
branch of the portal vein to the right lobes of the liver while that from the spleen 
proceeds by the left branch to the left lobes. On the other hand, this confirms 
the findings of Daniel and Prichard (1951) who found that when ‘“Thorotrast”’ 
is injected into a branch of the superior mesenteric vein it filled the whole liver. 


SUMMARY 


In a series of 50 cases of hepatic fibrosis associated with bilharzial mansoni 
infection, hematemesis occurred in 14 per cent, esophageal varicosities in 30 
per cent, and collateral veins in the anterior abdominal wall in 54 per cent. 


Their incidence was greater in cases with ascites than in those without ascites. 
The ether-portal circulation was prolonged in the majority of cases. The spleen- 
carotid time was frequently normal or reduced. Splenic venography yielded 
evidences of portal hypertension, degree of hepatic fibrosis and of patency or 
thrombosis of the splenic or portal veins. 


Our thanks to Messrs. “Sandoz” for a liberal supply of Lobeline. 
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ONCHOCERCIASIS IN LIBERIA’ 
THOMAS A. BURCH?, DONALD M. QUALLS’, anp HENRY J. GREENVILLE? 


Onchocerciasis has been known to exist in Liberia since 1926 when it was 
encountered by the Harvard African Expedition (Strong, 1930). There have 
been no reports on the prevalence of this disease in Liberia, and it has generally 
been believed to be of unusual occurrence. The following studies were made to 
ascertain the actual prevalence and importance of this disease in Liberia. 


METHODS 


Examination for nodules. All examinations were made by a single examiner 
(DMQ). The patients removed all clothing and the examiner inspected the 
entire body for nodules. Palpation for nodes was performed especially over the 
trapezius, scapula, thoracic cage, pelvic girdle, and lateral aspects of the thighs. 
It should be noted that many of the nodes were deep over the coccyx, and palpa- 
tion of this area was best performed by grasping the coccyx between the thumb 
and index finger. 

Skin biopsy. Two thin slices of skin, one from each shoulder, were made with 
a razor blade and placed in a drop of saline on a 1 inch by 3 inch slide and ex- 
amined with a 6X objective for the presence of microfilariae. 

Staining microfilariae from skin biopsies. The most satisfactory method for 
staining microfilariae from skin biopsies was by adding a drop of blood from an 
uninfected person to the saline containing the microfilariae. This was mixed, 
dried, and stained as a thick blood smear with Delafield’s hematoxylin. 

A simpler method consisted of substituting dilute egg albumin (5 per cent 
glycerin added) for the drop of blood. Too heavy a solution of albumin tended 
to obscure the nuclear structure, but the species of microfilariae could neverthe- 
less be determined. 

Scarification smear. Four or 5 shallow parallel cuts were made over the scapular 
region with a scalpel blade. The skin was then pinched up in a fold and blood 
and tissue juice squeezed out. This was smeared on a slide and stained as a 
thick blood smear. 

Ocular examination. The cornea, iris, and lens were examined by means of a 
hand slit lamp and in a few instances by means of a corneal microscope. 


1 This work was done as part of the United States Technical Cooperation Adminis- 
tration Program in Liberia and was a collaborative project of the Public Health Service 
of the U. 8. Department of Health, Education, and Welfare and the National Public Health 
Service of Liberia. The work was done in cooperation with the Medical Department of the 
Firestone Plantations Co., Liberia. Laboratory facilities were made available by the 
Liberian Institute of the American Foundation for Tropical Medicine. 

2 National Institutes of Health, National Microbiological Institute, Laboratory of 
Tropical Diseases, Bethesda, Maryland. 

3 Medical Department, Firestone Plantations Co., Harbel, Liberia. 
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MATERIAL 


Two thousand four hundred and twenty-three male laborers from the Fire- 
stone Plantation at Harbel were examined for the presence of palpable nodules. 
All of this group were capable of doing a normal day’s work. Five hundred and 
three were new laborers examined on arrival at the plantation. Nineteen hundred 
and twenty laborers were selected at random, taking 60 from each of 32 divisions 
at a time when the labor population was 16,400. This latter figure varies with 
the season and represents labor present when the survey was started. Examina- 
tions were performed over a five months’ period. The plantation labor census 
shows a preponderance of certain tribes, and, of course, this is reflected in the 
sampling. It is rare to find one of this group born on the plantation. After a 
variable period of employment, usually less than 2 years, the majority return to 
their homes, especially during the planting season. 

Scarification smears were examined from 845 inhabitants of Liberia. These 
included representatives from most of the principal tribes of the Liberian Coast 
and the Central and Western Provinces, but very few from the Eastern Province. 
A great many of the individuals from the interior of Liberia were examined at 





























TABLE 1 
Location of nodules palpated on 2,423 laborers on the Firestone Plantation 
Number of nodules Per cent of total nodules 
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the Firestone Plantation at Harbel and consisted of the labor force working on 
the plantation. Other subjects examined were employees of, and residents in 
the vicinity of the Liberian Institute of the American Foundation for Tropical 
Medicine near Roberts Field, the Liberia Mining Company at Bomi Hills, and 
residents of Gbanga, Ganta, Yaindawuan and Chuekpuzohn in the Central 
Province. 

Skin biopsies were done on 696 of the above individuals, and 174 patients 
from the Firestone Plantation were also examined for palpable nodules and 
presence of ocular pathology. 


RESULTS AND DISCUSSION 
Onchocercomas 


The diagnosis of onchocercomas was made on clinical examination of the 
nodule. To determine the per cent of error, 66 cases diagnosed clinically on the 
basis of nodules were taken to the hospital and aspiration of the nodules per- 
formed. If these were negative for Onchocerca volvulus, then the nodes were 
excised for examination. Sixty-four were positive for Onchocerca and 2 were 
negative. This represents an error of 3 per cent. 

Nodules were found on 469 or 19.4 per cent of a random sample of 2,423 
laborers examined on the Firestone Plantation. Approximately 90 per cent of 
the 593 nodules palpated were located in the pelvic region including the tro- 


TABLE 2 


Results from examination of 174 African men from the Du River area on the Firestone 
Plantation for microfilariae, nodules, and ocular pathology 





























Number Per cent of total examined 
Webel etnies isi iki disk be tee cate 174 
Microfilariae 
Scarification smears with Onchocerca......... 69 
Skin biopsy positive only.................... 36 
Total with microfilariae.................... 105 60.3 
Nodules 
Microfilariae on biopsy or scarification....... 34 
Biopsy and scarification negative............. 13 
Total with modules: . 200.6 ee ec eK 47 27.0 
Eye pathology 
Patients with Onchocerca.................006: 15 
No evidence of onchocerciasis................ 2 
Total with eye pathology.................. 17 9.8 
Total patients with onchocerciasis...... 119 68.4 
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TABLE 3 
Comparison of skin biopsy and scarification smears in diagnosis of onchocerciasis 





Number 


Per cent of total examined 





Total examined 


696 





Both biopsy and scarification positive 


Biopsy only positive* 


Scarification smear only positive 


129 


35 


18.5 
16.4 
5.0 





Total infected 





278 





39.9 





* 13 showed either W. bancrofti or A. perstans but no O. volvulus on scarification smear. 


chanters. Most of the remaining nodes were situated on the thorax or back with 
less than 2 per cent on the head (Table 1). 

In order to determine if onchocercomas occur in individuals without de- 
monstrable microfilariae, a group of 174 men on the Firestone Plantation were 
examined by skin biopsy, scarification smear, and palpation for nodules (Table 
2). Microfilariae were demonstrated in 105 or 60.3 per cent of the subjects, and 
nodules were palpated on 47 or 27.0 per cent. Thirteen or 7.5 per cent of the 
men examined had palpable nodules but negative skin biopsies and scarification 
smears. The nodules from eleven of these were aspirated and found to contain 
O. volvulus. The other 2 patients failed to show up for their examinations. Nodules 
were therefore found in a significant number of individuals without demon- 
strable microfilariae. 

Microfilariae 


Microfilariae were demonstrated in 278 or 39.9 per cent of 696 Africans when 
examined by both skin biopsy and scarification smears. One hundred and sixty- 
four or 23.6 per cent had microfilariae of O. volvulus on scarification smears. 
Two hundred and forty-three or 34.9 per cent had microfilariae on skin biopsy. 
Thirteen or 1.9 per cent of those examined had a positive skin biopsy with either 
W. bancrofti or A. perstans but no Onchocerca on scarification smear (Table 3). 
It is thus apparent that skin biopsies demonstrate a much higher incidence of 
microfilarial infection than scarification smears but have the shortcoming that 
one cannot be positive as to which species is present. 


TABLE 4 


Comparison of prevalence of Onchocerca volvulus and Wuchereria bancrofti from 
scarification smears from tribes of the interior and coast of Liberia 





Coast 


Interior 


Total 





Number 


Per cent 


Number 


Per cent 


Number 


Per cent 





Total examined...... 
O. volvulus 
W. bancrofti 





214 
19 
27 








620 
174 
15 


28. 
2. 


1 
4 





834 
193 
42 





23.1 
5.0 











ONCHOCERCIASIS IN LIBERIA 927 


Study of stained microfilariae from skin biopsies. Microfilariae from 19 positive 
skin biopsies from 13 patients with wuchereriasis were stained and identified. 
Four biopsies contained microfilariae of W. bancrofti and 16 of O. volvulus. 

Skin biopsies were done at 9:00 p.m. on 16 patients on whom previous scari- 
fication smears had shown only W. bancrofti. All microfilariae were stained and 
identified. Biopsies from 2 patients had W. bancrofti and 3 had Onchocerca. 

Following the observation that microfilariae of Wuchereria bancrofti occur in 
skin biopsies, the microfilariae from 70 of 159 subsequent skin biopsies were 
stained by one or the other techniques described above. Sixty-eight of the 70 
positive preparations contained microfilariae of Onchocerca. One of these had 
both O. volvulus and A. perstans and one had both Onchocerca and Wuchereria. 
Two, or 1.3 per cent, of all biopsies taken during this interval had microfilariae 
of W. bancrofti alone. In the individual case, therefore, the microfilariae should 
be stained and a specific identification made. This is especially true when dealing 
with the tribes of the Liberian Coast (i.e. Bassa, Kru, Vai, Grebo) since the 
incidence of onchocerciasis is much lower and that of wuchereriasis much higher 
than found among the interior tribes (Table 4). In this connection, it should be 
noted that all 3 cases with W. bancrofti on skin biopsy reported above were 
from coastal tribes. 


Ocular pathology 


In order to determine the importance of ocular pathology associated with 
onchocerciasis in Liberia, the eyes of several hundred individuals were examined 


with a hand slit lamp. Particular attention was devoted to corneal opacities 
and evidence of previous attacks of iritis since experience with the disease in 
Guatemala, Central America, indicated that these were of the most importance 
(Burch, 1955). 


TABLE 5 


Pathology of cornea and iris observed with a hand slit lamp on 442 Liberians examined 
for onchocerciasis 





With evidence of No evidence of 


onchocerciasis* onchocerciasis Total 





Number Per cent Number Per cent Number Per cent 





Total examined 205 237 442 





Corneal opacities . 14 
Nebulae 13 
1 
Opaque cornea 0 
Evidence of iritis ‘ 4 





Total patients with pa- 
thology of cornea or 




















35 17.0 18 7.5 53 11.9 





* Microfilariae on skin biopsy, O. volvulus on scarification smear or presence of sub- 
cutaneous tumor. 





928 T. A. BURCH, D. M. QUALLS AND H. J. GREENVILLE 





Blindness. Only two or 0.23 per cent of the 845 subjects examined were blind. 
Both of these patients had onchocerciasis, but it is doubtful that their blindness 
was a result of this disease as one man had an entropion and the other claimed 
to have been blind in one eye since birth. 

Punctate keratitis. Punctate corneal opacities were not observed in any indi- 
vidual examined in Liberia. 

Other corneal opacities. Minute nebulae and other small indistinct spots were 
observed in 44 of 442 patients examined (Table 5). Twenty-nine or 65.9 per 
cent of these had positive skin biopsies or scarification smears. 

Tritis. Evidences of iritis consisting of synechiae, pigment deposits, strands 
and exudate about the iris were found in a total of 6 or 1.4 per cent of the indi- 
viduals examined. Only 2 of these showed evidence of onchocerciasis. 

It would thus appear that small nebulae and other minute corneal opacities 
occurred with greater frequency among individuals with onchocerciasis than 
in those without this infection. The indication was that ocular pathology at- 
tributable to this disease was not severe enough nor common enough to make it 


TaBeE 6. Incidence of onchocerciasis by tribe and region as shown by various methods 
of examination 





























Skin biopsy Scarification smear Nodules 
Tribe and region 
Number | Number | Per cent | Number | Number | Per cent | Number | Number | Per cent 
exam. | positive | positive | exam. | positive | positive | exam. | positive | positive 
Coastal Tribes 
MN). cadde<es 144 34 23.6 138 13 9.5 78 8 10.2 
| ee 32 6 18.8 33 0 16 1 
aga are 38 8 21.1 41 6 14.6 8 3 
See 2 0 2 0 7 2 
| gE RG ie 216 48 22.2; 214 19 8.9 109 14 12.8 
Hinterland 
Rs cits da ewe 64 18 28.1 
SE . » «bets weer 130 73 56.2 197 63 31.9 485 118 24.3 
Bs «ss ccsinmal’s 50 13 26.0 52 ll 21.2 379 41 10.8 
es oe ey 45 17 37.8 45 12 26.7 444 55 12.5 
Ds « cue redeeecs 93 37 39.8 103 27 26.2 30 ll 36.6 
Mendi 20 9 45.0 25 8 32.0 86 27 31.4 
EE ic un ds ok ak 53 14 26.4 56 14 25.0 354 65 18.3 
RE 24 6 25.0 24 4 16.7 177 55 31.0 
Gee .n.s. dis de 29 21 72.4 29 12 41.4 303 74 24.4 
ee ois ess tas 25 5 25 5 56 9 
pe 469 195 41.5 | 620 174 28.1 | 2314 | 455 19.6 
Americo-Liberian 
and Non-Liberian. . 11 0 ll 1 
<a 696 243 34.9 | 845 194 22.9 | 2423 469 19.4 
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a public health problem. Onchocerciasis should, however, be considered in tke 
differential diagnosis of ocular pathology in the individual case in Liberia. 


Prevalence and distribution 


The prevalence of onchocerciasis shown in these studies varied from 19.4 per 
cent by nodule palpation to 34.9 per cent by skin biopsies. Onchocerciasis was 
most common among the tribes from the interior of Liberia (Table 4). The 
tribes with the highest prevalence were Kpelle, Gola, Mendi, and Gbandi 
(Table 6). The Kru, Vai, and Coastal Bassa had the lowest prevalence. Oncho- 
cerciasis was as common among the Bassas examined at Chuekpuzohn in the 
Central Province as among the Kpelle of the same region. 


SUMMARY AND CONCLUSIONS 


1. Subcutaneous nodules were palpated on 469 or 19.4 per cent of 2,423 
laborers on the Firestone Plantation in Liberia. Approximately 90 per cent of 
these nodules were located in the pelvic region. 

2. Microfilariae were demonstrated in 278 or 39.9 per cent of 696 Africans 
examined by both skin biopsy and scarification smears, which was higher than 
any single method of diagnosis employed. 

3. Nodules containing O. volvulus occurred in a significant number of cases 
in the absence of demonstrable microfilariae on skin biopsy and scarification 
smears. The highest prevalence of onchocerciasis was demonstrated by com- 
bining skin biopsies, scarification smears, and palpation for nodules. 

4. Microfilariae of W. bancrofti and A. perstans occasionally occurred in skin 
biopsies, especially in patients from the Coast where the prevalence of wucher- 
eriasis was much higher. 

5. Small nebulae and other minute corneal opacities occurred with greater 
frequency among individuals with onchocerciasis than in those without this 
infection. Ocular pathology attributable to this disease was not severe enough 
nor common enough in the groups examined in Liberia to make it a public 
health problem. Onchocerciasis should, however, be considered in the differential 
diagnosis of ocular pathology in the individual case. 

6. Onchocerciasis was most common in the tribes from the interior of Liberia. 
The Kpelle, Gola, Mendi, and Gbandi tribes especially had a high rate of infec- 
tion, whereas, among the Kru, Vai, and coastal Bassas it was much lower. 
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TREATMENT OF ELEPHANTIASIS WITH CORTISONE IN FRENCH 
OCEANIA 


A PRELIMINARY REPORT 
EDWARD K. MARKELL anp JACQUES KERREST 


Department of Infectious Diseases, School of Medicine, University of California, Los Angeles 
and Institut de Recherches M édicales de l’Oceanie Francaise, Papeete, Tahiti 


Elephantiasis is a very common complication of filarial infections in Tahiti, 
the number of persons affected increasing steadily with age. Approximately 
one-third of those persons reaching the age of fifty years exhibit this condition 
(Fig. 1). Various methods of treatment have been described, involving rest and 
elevation of the enlarged limbs, bandaging, and surgical removal of elephantoid 
tissue (Knott, 1938). A modification of the bandaging technique, incorporating 
the Unna paste boot, has been developed at the Institut de Recherches Médicales 
(Thooris, 1953) and often gives excellent results. 

This paper describes the results of a preliminary investigation of the use of 
cortisone in the treatment of elephantiasis of filarial origin, in a series of eight 
patients. 


MATERIALS AND METHODS 


Seven patients with advanced elephantiasis were selected for treatment with 
cortisone', from among those seen in the Filariasis Clinic at the Institut de 
Recherches Médicales. Selection was made primarily on the regularity with which 
patients could be followed. The elephantoid lesions in these seven patients were 
distributed as follows: in two patients all four limbs were involved; in one pa- 
tient both legs and one arm were affected; two patients had involvement of both 
legs; one patient had a single elephantoid arm; and one had penile and scrotal 
involvement. Their ages ranged from 31 to 65 years. The oldest member of the 
group had a history of lymphangitis attacks and frequent filarial abscesses over a 
period of forty-one years, elephantiasis of one leg for thirty-nine years, of the 
other leg for seventeen years, and of both arms for eleven years. In the other 
cases, the average duration of elephantiasis had been more than six years. Some 
of these patients had been previously treated in the Bandage Clinic of the In- 
stitute, while others had received no treatment. An eighth patient, with elephan- 
tiasis of both legs and one arm, was hospitalized for treatment to facilitate more 
frequent observation. 

After a preliminary physical examination, including complete blood count and 
urinalysis, measurements were made on the involved limbs. The same person 
measured the patient on each Clinic visit; measurements were referred to the 
bony landmarks and it was found that in a series performed on the same limb, 


1 The cortisone (Cortone, Merck) used in this study was supplied through the courtesy 
of Drs. Frederick K. Heath and Elmer Alpert of the Medical Division of Merck and Com- 
pany, Rahway, New Jersey. 
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error was less than 0.5 cm. Four measurements were taken on each limb: at 
hand, wrist, forearm and upper arm, or at instep, ankle, calf and thigh. 

Outpatients were seen at the Clinic by one, or usually by both of the authors, 
three times weekly during the period of treatment, and once weekly thereafter. 
In the Clinic, the patient was questioned concerning his physical status and 
subjective reaction to treatment, and observations were made on the appearance 
and range of motion of the limbs. The measurements discussed above were made 
by a third observer, and the results were not known to the authors at the time 
they formulated their “clinical appraisal” following each visit. 

The same routine was followed with the hospitalized patient, except that daily 
measurements were made on all four limbs. Urine output and specific gravity 
were followed, and as this patient (unlike the others) had a microfilaremia, daily 
microfilaria counts were also made. After dismissal from the hospital, this pa- 
tient was visited at his home at weekly intervals. 


RESULTS 


Six of the eight patients exhibited moderate to very marked improvement 
after administration of cortisone. One patient was under treatment for arterio- 
sclerotic heart disease at the time cortisone treatment was instituted, and while 
he was thought to be well compensated at that time, it was impossible to assess 
his peripheral signs of heart failure, as he had a massive elephantiasis of all four 
extremities. His response to treatment was erratic, and accordingly we do not 
feel justified in drawing any conclusions from his case. The other case in which 
cortisone produced no demonstrable effect, was the patient having elephantiasis 
involving only the penis and scrotum, with advanced verrucous skin changes. 

Results in the five outpatients showing a favorable response to therapy are 
summarized graphically in Fig. 2. In general, the response to treatment was most 
encouraging, surpassing the results which can be achieved in a similar period by 
other means. The most dramatic response was the lessening of induration of the 
affected parts. These patients were all far advanced cases, with extreme “woody” 


MICROFILAREMIA IN ELEPHANTIASIS 





MICROFILARIA CARRIERS (MALES) 


MICROFILARIA CARRIERS (FEMALES) 


PERCENTAGE 


a 
_-7 ELEPHANTIASIS 
—MICROFILARIA CARRIERS - 
— 


a 


- 


— ee “ ee 
(ELEPHANTIASIS CASES) _-~ 


- 
- 


_2® 
ee Wap | | | 
10 20 30 40 50 60 
AGE IN YEARS 


Fig. 1. Adapted from reports of Beye et al. (1953) and Kessel et al. (1953). 
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Fig. 2. Summaries of treatment and clinical course in outpatients treated with cortisone 
for elephantiasis. Diameters of limbs are in centimeters. Time scale is in days. 
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induration. A marked decrease in induration, preceded by moderate to massive 
diuresis, was noted within the first week to ten days of treatment. This change 
in tissue turgor, from a hard induration to a soft, almost flaccid condition, is 
illustrated in Plate 1. Such a change in the character of the involved tissues, 
accompanied by a greatly increased range and ease of motion, was often more 
impressive during the first few days of treatment than were changes in the size 
of the limbs. In other individuals, a reduction in size of the affected parts was 
noted very early (Plates 2 and 3). 

The graphs are an attempt to give a visual representation of the clinical course 
of each patient, correlated with treatment schedule and with typical measure- 
ments. Although measurements were taken at weekly intervals on various parts 
of each affected limb, it seemed best for the sake of clarity to chart only one 
representative series of measurements for each patient. In each graph, the 
upper series of bars represent a clinical evaluation of the patient, showing onset 
of clinical improvement, and subsequent changes in status in either direction by 
variations in height. This was based both on changes in the degree of induration, 
and on the patient’s report and demonstration of increase or decrease in facility 
of use of the involved member. For convenience, the greatest degree of improve- 
ment seen is indicated in each case by a bar of equal height. This ‘maximal 
improvement” obviously varies from patient to patient. In each case, variations 
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in height of the bars represent the approximate degree of improvement or re- 
gression noted in relation to that patient’s “maximal improvement”. This 
clinical evaluation, as stated previously, was made independently of the meas- 
urements, and no attempt at correlation was undertaken until the graphs were 
first constructed, about half-way through the period of observation. 

The clinical course of the hospitalized patient is summarized in Fig. 3. This 
patient was placed at bed rest for a period of twelve days before beginning cor- 
tisone treatment, to allow for a pre-treatment biopsy of skin and subcutaneous 
tissues. His response to treatment was similar to that of the outpatients. During 
the initial period of treatment there was a marked loss of weight, coincident with 
the usual diuresis. It was notable that the measurements of his unaffected arm 
did not change significantly during the course of treatment. Six days after treat- 
ment was discontinued, a second biopsy was taken; three days later he was 
dismissed from the hospital. This patient’s relapse following treatment was both 
faster and more complete than that seen in any of the others. 


DISCUSSION 


While there still is considerable discussion of the role of bacterial infection 
and other factors in the production of filarial elephantiasis, there seems to be 
general agreement that the fundamental pathologic reaction is one of inflamma- 
tion and fibrosis around the parasites in the lymphatic system, leading to partial 
or complete blockage (Strong, 1942). Cortisone was used in this study because 
it was thought that its anti-allergic or anti-inflammatory properties (Kass and 
Finland, 1951) might serve to reduce the tissue response around the adult worms, 
and thus aid in the reestablishment of lymphatic drainage. Another possible 
effect of the drug might be directly upon the elephantoid tissue, in suppressing 
fibrous tissue proliferation (Dorfman, 1953). 

McFadzean (1953), working in British West Africa, treated three cases of 
filarial elephantiasis with ACTH. His patients were on a high-protein low-salt 
diet, a restricted fluid intake, oral dosage of potassium acetate, and bed rest 
prior to ACTH therapy, and it was found that the reduction in volume of the 
affected limbs was much greater during this initial preparatory period than sub- 
sequently when ACTH was given. The highest dosage of ACTH which he used 
was 12.5 mgm. every six hours, a dose which might well be below the threshold 
level. In the treatment of rheumatoid arthritis, Copeman (1953) recommends 
initial doses of ACTH of 80-100 mgm. daily, with subsequent reduction to 
40-60 mgm. daily for maintenance. It is probable that the results which McFad- 
zean describes can be attributed entirely to the regimen of bed rest, low-salt diet, 
restricted fluid intake and diuretics, and that he did not give ACTH an ade- 
quate trial. 

If we omit from consideration in our series the patient whose arteriosclerotic 
heart disease complicated the picture to the point where we were unable to as- 
sess his response to cortisone, the only patient who was not benefitted by cortisone 
treatment was the one with involvement of the penis and scrotum. The verruci- 
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form skin changes, which in this patient formed the major manifestation of his 
disease, did not in any of our cases respond to cortisone. 

The duration of the clinical response in our six patients was most gratifying. 
Although induration usually reappeared or increased shortly after cessation of 
treatment, in one patient this did not occur until after a lapse of about two 
months. Furthermore, five of the six patients continued to show moderate to 
marked improvement over their pre-treatment status during the entire period 
of observation, which averaged between eight and nine months. Such relatively 
long-term remissions have been noted in some patients following cortisone 
therapy in various allergic diseases. Another factor which may have played 
some role in the maintenance of decreased tissue turgor after treatment was the 
increased use which the patients were able to make of the affected limbs. Small 
doses of cortisone given after induration reappeared seem to have had a favorable 
effect, though these were not employed with enough frequency properly to as- 
sess the response. The effect of cortisone on the incidence of attacks of lymphangi- 
tis is problematical. Although all five of the patients followed for seven months 
or longer had reported attacks of lymphangitis on an average of once every three 
or four months or oftener, no accurate records had been kept of attacks prior 
to treatment. While in four of our patients lymphangitis attacks may have 
occurred with decreased frequency, the fifth apparently suffered an increased 
number of attacks during the period of observation. 

Some evidence is available with regard to the site of action of the drug in these 
patients. Biopsies taken both before and after treatment in the hospitalized 
case were referred to Dr. Louis Zeldis of the Department of Pathology, UCLA 
School of Medicine. He reported that no significant changes were seen in the 
degree of fibrosis in the two specimens, but that in the post-treatment biopsy 
there was a definite decrease in the perivascular cellular infiltrate and edema. 
Thus, the decrease in tissue turgor could not be ascribed to a decrease in the 
fibrous elements themselves. In this same patient, who had a low-level micro- 
filaremia prior to treatment (Fig. 3), the numbers of microfilariae in the circu- 
lating blood rose sharply during the course of treatment, and declined again after 
treatment was concluded. This would suggest that those microfilariae, previously 
prevented from gaining access to the bloodstream by the tissue reaction sur- 
rounding the adult worms in the lymphatic system, were liberated consequent 
to the reduction in this inflammatory reaction by cortisone. In Tahiti (Fig. 1), 
as generally elsewhere, the percentage of elephantiasis cases in which micro- 
filariae are found in the peripheral blood is less than the percentage of micro- 
filaria carriers in the population as a whole. Likewise, the diuresis experienced 
by our patients may be a result of the restored lymphatic drainage; cortisone 
normally does not have a diuretic action. 

From the results obtained in treatment of these patients, it is our opinion 
that cortisone is of definite benefit in the treatment of filarial elephantiasis; 
this is presumably effected through the anti-inflammatory action of the drug, 
in reducing lymphatic blockage and promoting better lymph drainage. In most 
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cases, bandage therapy either of the conventional type, or with the addition of 
Unna’s paste, should be employed in conjunction with cortisone treatment. 
The addition of Unna’s paste has the advantage of softening and in many cases 
markedly reducing the verruciform skin changes which so often are seen in ad- 
vanced cases. 

Further studies are in progress to determine the effect of a reduced initial 
treatment period, followed by various forms of continued cortisone therapy at 
low dosage levels. 


SUMMARY 


Eight patients having advanced filarial elephantiasis were treated with corti- 
sone. Initial treatment consisted of 100 mgm. daily in divided doses, over a 
period of 30 days or longer. Dosage was then lowered stepwise over several days 
before discontinuance. Six patients had a marked response to treatment, with 
diuresis followed by reduction or disappearance of induration. One patient’s 
response could not be assessed; his case was complicated by concurrent arterio- 
sclerotic heart disease. The other treatment failure was in a patient with ver- 
rucous skin changes involving penis and scrotum. Such skin changes, which were 
also seen to a minor degree in other patients, were unaffected by cortisone. 

In five of the six patients, although induration reappeared or increased fol- 
lowing discontinuance of therapy, improvement persisted during the entire 
period of observation. This period varied from about seven to ten months. Re- 
treatment with smaller doses of cortisone for short periods as relapse occurred 
seemed beneficial. 


In the one patient with microfilaremia prior to treatment, the number of 
microfilariae in the circulating blood increased markedly during treatment, then 
diminished again as induration reappeared. Biopsies before and after treatment 
in one patient showed no effect on the elephantoid tissue itself. Diuresis and 
increase in microfilaremia suggest that the action of cortisone is to reduce the 
inflammatory blockage of the lymphatics. 


SOMMAIRE 


Huit malades présentant des manifestations éléphantiasiques filariennes 
importantes ont été soumis au traitement par la cortisone. La dose initiale fut de 
100 milligrammes par jour, en plusieurs prises; le traitement fut poursuivi pen- 
dant une période minimum de 30 jours; 4 ce moment les doses furent progres- 
sivement réduites jusqu’é arrét complet du traitement. L’observation fut pour- 
suivie pendant sept 4 dix mois. Un cas mixte (arteriosclérose avec insuffisance 
cardiaque) dut étre éliminé. Le malade qui présentait un éléphantiasis du scrotum 
compliqué de lésions papillomateuses des téguments de la région ne fut pas 
amélioré par le traitement. D’une fagon générale, les lésions véruqueuses ou 
papillomateuses des téguments, existant aussi a un moindre degre chez les autres 
malades ne furent pas améliorées par la cortisone. 

Six malades réagirent nettement & l’administration de cortisone, augmentation 
de la diurése suivie d’une réduction de |’induration au niveau des régions at- 
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teintes. Chez cing de ces six malades |’amélioration persista pendant toute la 
période d’observation, bien que l’induration ait reparu ou augmenté apres arrét 
du traitement. Des reprises de traitement & doses plus faibles et de durée réduite 
ont paru utiles lorsque des rechutes survinrent. Chez un malade qui présentait 
des microfilaires dans le sang circulant, on observa pendant la durée du traite- 
ment une augmentation nette du nombre de ces microfilaires, puis une réduction 
de ce nombre en méme temps que |’infiltration des téguments reparaissait. 

L’étude anatomo-pathologique de biopsies cutanées pratiquées avant et aprés 
traitement n’a pas mis en évidence de modifications du tissu elephantiasique 
lui-méme. L’augmentation de la diurese et |’élévation du nombre de microfilaires 
en circulation suggére que la cortisone agit en réduisant le bloquage inflamma- 
toire du systéme lymphatique. 
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EXPLANATION OF PLaTEs 1-3 


Puate 1. Marked flaccidity of elephantoid tissue in patient following one week’s treat- 
ment with cortisone. Note softness of tissues as indicated by digital pressure. 

P.iate 2. Hand prior to treatment with cortisone (case no. 5). 

Pate 3. Hand after one week’s administration of cortisone (case no. 5). 





TREATMENT OF ELEPHANTIASIS WITH CORTISONE 


PLATE 1 


PLATE 3 





THE EFFECT OF IRRADIATION OF TRICHINELLA SPIRALIS ON 
IMMUNITY AND ITS PUBLIC HEALTH IMPLICATION 


THOMAS B. MAGATH anp JOHN H. THOMPSON, Jr. 


Sections of Clinical Pathology and Biochemistry, Mayo Clinic and Mayo Foundation! 
Rochester, Minnesota 


All available evidence indicates that the admonitions of Moses not to eat the 
flesh of swine and that of public-health officials to cook pork until it is well done 
have not been followed. In the United States, reports of various samples of the 
population reveal zoologic infections of Trichinella spiralis of from 10 to 20 per 
cent. There is sufficient evidence to warrant the conclusion that such infections 
have produced no clinical manifestations. 

In spite of the many-times repeated warnings about the thorough cooking of 
pork and even laws forbidding the feeding of raw garbage to hogs, zoologic 
trichinosis in hogs and man persists. Accordingly, other means of controlling 
parasitism by this worm have been suggested, and prominent among them is 
the suggestion of Gould, Gomberg and Bethell (1954) that pork intended for 
consumption be irradiated. Aside from the cost and difficulty of establishing this 
process in the country, the question must be raised as to whether the low grade 
of the zoologic infection in question actually is not beneficial, conferring an 
immunity on the public and even the hogs to such an extent that the development 
of clinical symptoms, heavy infections and even death often is precluded. 

The evidence that heavy irradiation of Trichinella spiralis does render the 
parasite sterile, and hence lacking in ability to produce larvae to invade the body, 
has been clearly established by many observers. Irradiation has been effective 
whenever gamma rays have been used, whether produced from radium, an x-ray 
machine or radioactive cobalt. It has been shown that almost all larvae infecting 
muscle are made incapable of developing into normal adults when irradiated 
with 10,000 roentgen units; that all were rendered incapable of such development 
when a dose of 11,830 r was used; and that a dose of 30,000 r represents a consid- 
erable excess.? When such doses are used the worms disappear from the bowel 
within a few days and second-generation larv.; do not develop, even though 
adults may develop in the gut. The question naturally arises as to whether or 
not the animals which ingest material containing irradiated worms are rendered 
immune, as is known to be the case after they have ingested sublethal doses of 
normal T'richinella spiralis. This question has been submitted to an experimental 
test. The experiments herein reported were devised to test the ability of rats to 
develop immunity if given large doses of irradiated Trichinella cysts fed previous 
to a challenging dose. 


1 The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 


2 The latter dose was proposed by Gould, Gomberg and Bethell for commercial use. 
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METHODS AND RESULTS 

Trichinella spiralis, from a strain originally furnished by the National Insti- 
tutes of Health, was maintained in rats in the laboratory by feeding it to the 
animals at intervals over the past 3 years. These are the organisms used in the 
experiments. 

Twenty Sprague-Dawley rats (group A) weighing between 80 and 100 gm. 
were fed on March 10, 1954, with small pieces of diaphragm, each containing 
80 to 100 Trichinella larvae from stock rats. On April 9, 1954, 10 of these rats 
were killed. All rats were heavily parasitized. The diaphragms were cut in seg- 
ments, each containing approximately 500 larvae. 

Enough of these pieces were irradiated to permit the feeding of a single piece 
to each of 35 (group B) rats (80 to 100 gm. weight). This was the first feeding. 
As controls, nine rats (group C) were fed with similar pieces of diaphragm which 
had not been irradiated. 

The irradiation was carried out by exposing the pieces of diaphragm, moistened 
with an 0.85 per cent solution of sodium chloride, to an average dose of 30,000 
roentgen units from a 130-kilovolt constant-potential x-ray machine. The half- 
value layer was 0.28 mm. of copper. 

Of the 35 rats (group B) fed irradiated tissue containing larvae, one was sacri- 
ficed the next day. Maturing Trichinella larvae were found in the intestinal tract. 
Six rats were killed 4 days after feeding and no Trichinella were found in the 
intestinal contents. Another rat, destroyed 6 days after feeding, revealed at 
least one adult but no second-generation larvae. These results were considered 
to indicate that the irradiation was successful. Control rats were found to have 
typical developing larvae, adult organisms and second-generation larvae. 

The 10 remaining rats (group A) from the original group of 20 fed on March 
10, 1954, were killed and the larvae were digested out of the muscles by the 
Bozicevich technic and diluted in an 0.85 per cent solution of sodium chloride so 
that each milliliter contained 5,000 larvae. 

Of the remaining 27 (group B) animals which had been fed irradiated T'richi- 
nella and the nine controls (group C), each was given 5,000 larvae as a challenging 
dose by stomach tube on May 29, 1954. This was the second feeding. Each of 
10 rats (group D) was fed 5,000 of those larvae to be sure the worms were infec- 
tive; heavy infections of trichinosis developed in all these rats. 

Of the 27 test animals in group B, one was killed on each of the following days: 
May 31 and June 3, 4, 5 and 6. Various stages of developing larvae were found 
in the intestinal tract, including copulating adults and second-generation larvae. 
On June 11, 1954, the remaining test animals and the controls were killed and the 
diaphragms were examined by the muscle-press method. 

All the test animals (group B) revealed heavy infections with migrating T'rich- 
inella larvae from the second feeding, but no encysted larvae from the first 
feeding. The controls (group C) revealed heavy infections with encysted Trich- 
inella from the first feeding and no migrating larvae from the challenging dose. 

Because these experiments were not designed to make sure that each rat fed irra- 
diated Trichinella actually was exposed to developing worms, another experiment 
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was performed. Each of 15 rats (group 1) was given 500 irradiated larvae by 
stomach tube on January 6, 1955. These larvae were procured from the dia- 
phragms of stock rats, as in the previous experiment. The diaphragms were cut 
into segments, irradiated with 30,000 r, and the larvae were digested out of the 
muscles by the Bozicevich technic. Each of these 15 rats was housed in an indi- 
vidual cage equipped with wide-mesh screen flooring to permit the daily collec- 
tion of fecal material. The animals were maintained on a liquid diet to reduce 
fecal debris. 

As controls, each of 10 rats (group 2) was given, by stomach tube, 500 larvae 
digested from diaphragms of stock rats which had not been irradiated. 

Examination of the fecal pellets of each of the 15 test animals (group 1) re- 
vealed that all were passing live, maturing Trichinella at 24 hours. Eight of the 
15 rats were still passing these worms at 48 hours. At 72 hours none of the rats 
was passing the worms. The observations on the fecal samples of these rats were 
continued for 6 days, during which time no further passage of worms was noted. 
On the sixth day after the gastric intubation of these 15 animals, five were killed 
and the intestines of these rats were removed, opened and washed free of feces, 
and the mucosa was scraped. Examination of the individually washed and sedi- 
mented fecal material and intestinal scrapings revealed no Trichinella. These 
results were indicative both of the successful irradiation of the larvae and the 
intestinal infection of each animal. 

On January 27, 1955, five of the test animals (group 1) and five of the control 
series (group 2) were killed and examined for the presence of T'richinella in the 
muscles of the diaphragm and masseters. None of the five test animals (group 1) 
contained any T'richinella in any muscle. In each of the five control animals 
(group 2) examinations revealed heavy infections of the muscles with encap- 
sulated Trichinella spiralis. These results indicated the failure to infect muscles 
with irradiated Trichinella, and the successful infection produced by nonirra- 
diated larvae. 

The remaining five test rats (group 1) and the five controls (group 2) were then 
given a second feeding or challenging dose of T'richinella larvae by stomach tube 
on January 27, 1955. This dose was 5,000 larvae per animal, and was procured 
from digested muscle of stock rats. On February 10, 1955, both series of rats 
(group 1 and group 2) were killed and the diaphragms and masseters were ex- 
amined for invading larvae of the challenging dose. The muscles of all five of the 
test animals (group 1) demonstrated heavy invasion by migrating Trichinella 
larvae, and no encapsulated forms from the previous feeding. The controls (group 
2) revealed heavy infections with encapsulated T'richinella from the first feeding, 
and no migrating larvae from the challenging dose. 


COMMENT 


These experiments again demonstrate the high degree of immunity produced 
in rats by trichina when the infection reaches the stage of encystment. Encyst- 
ment, of course, proves that penetration of larvae through the intestinal mucosa 
has taken place. On the other hand, it is equally apparent that when rats are fed 
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500 Trichinella spiralis larvae which have been irradiated with 30,000 r, they 
do not develop immunity comparable to that of members of the control group. 
Under such conditions no penetration of the gut takes place. This roentgen dose 
does not kill the larvae encysted in muscle, and some develop to adults in the 
intestinal tract. It is therefore evident that immunity is not produced by the 
mere presence of adults or larvae from muscle cysts. The experiments suggest 
that the stimulating force is either the presence of normal adult organisms or 
second-generation larvae. 

Levin and Evans (1942), in an attempt to locate the origin of host resistance 
to Trichinella spiralis, gave rats several thousand larvae irradiated with doses 
ranging from 3,250 to 3,750 r. These animals were challenged in groups with non- 
irradiated infective larvae at 2, 3 and 4-week intervals after the first feeding of 
larvae. The experiments revealed that while many times fewer larvae developed 
in the muscles than would be expected to develop if the animals had no immunity, 
a good many did. The authors concluded that the site of host resistance is located 
in the intestinal tract and that immunity develops without consequent invasion 
of muscle. However, their report showed that not all adult Trinchinella are ren- 
dered sterile by the amount of irradiation employed; this is now well known. In 
all their animals some larvae, albeit few, developed in the muscles after the 
animals had received irradiated larvae. Because of the nature of the experiments 
it was not known whether the individual animal challenged did or did not have 
previous encystment of the parasites in the muscles, due to failure to sterilize the 
adults. Moreover, since their own experiments with the use of such doses of 
radiation allowed the development of some muscle cysts, it must follow that the 
conclusion that the site of immunity is in the intestinal tract is not necessarily 
proved. These experiments do not demonstrate the development of immunity 
to trichinosis after ingestion of irradiated larvae. Experiments in our laboratory 
have revealed that immunity is produced in rats when infection is so light that 
only one encysted larva is found in 1 gm. of muscle. 

If immunity is conferred on an animal, including perhaps man, by the inges- 
tion of small numbers of normal T'richinella spiralis larvae, such immunity is not 
conferred by the ingestion of a relatively large dose of irradiated larvae. In our 
experiments the number of larvae fed was greater than would be expected to be 
ingested by man. 

If any immunologic benefit to man is obtained by the ingestion of subclinical 
amounts of trichina, which frequently happens in the United States, this benefit 
will almost certainly not accrue if irradiation of pork and pork products is prac- 
ticed. 

It seems entirely likely that the numerous exposures to subclinical infections 
do play a role in protecting the public, and that the incidence of zoologic infection 
probably has been slowly rising in the general population. Such a general thesis 
has been advanced before, perhaps first by Barrett and Sears (1938), who stated, 
“Tf there is such a thing as immunity this would tend to explain the large number 
of infestations found in autopsies and the relatively small number of cases diag- 
nosed during life.”” The same year one of us (Magath, 1939), in a lecture, devel- 
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oped the theme at some length. In the published abstract is the following state- 
ment: ‘Experimental evidence indicates that a mild infection with Trichinella 
can render the individual immune, and it may be suggested that such infections 
may be looked on as a benefit rather than a detriment.’’ Roth (1939) also de- 
veloped this idea, but it has gained no general acceptance. 

One piece of direct evidence is furnished by the report of Williams (1901). 
He found 27 (5.34 per cent) persons with encysted T'richinella in their muscles 
among 505 he personally examined carefully at necropsy. The cadavers were 
examined in Buffalo; during life they had resided as far east as Baltimore and as 
far west as Denver. Examinations performed on persons from these areas today 
will reveal infection rates ranging from 12 to 35 per 100 persons. 

The possibility of reinfection in man has been discussed by several, including 
Gould (1945), who referred to the old records. All such records are based on clini- 
cal evidence, and no real parasitologic evidence of reinfection has been revealed. 
Most and Helpern (1941), after examining 100 diaphragms of persons dying in 
New York, observed: ‘Occasionally, old calcified, dead trichinae cysts as well 
as young, viable larvae, were found in the same specimens. This would indicate 
that reinfection in man does occur.” That such actually may not be the case is 
evident from the experiment of Damman (1876), who found capsules uncalcified 
111% years after the feeding of Trichinella spiralis to a hog. The larvae frequently 
invade the intestines over long periods, resulting in muscle cysts of various ages 
in the same host. 

Kratz (1866) found the worms in the intestine of man as late as 73 days after 
infection, and Gerlach (1873) saw capsules of trichina more than 13 years old in 
different stages of calcification, some completely opaque, some partly transparent 
and others calcified only at the poles. In experimental animals Gerlach showed 
that the capsule is completed between the third and eighteenth month. Calcifi- 
cation begins after the eighteenth month and is distinct in the second year. In the 
early months of the third year a few capsules are nearly opaque. This illustrates 
the variability in the appearance of cysts and reveals the hazard of trying to 
draw conclusions as to the ages of cysts when found in man, where even less is 
known about their development than in experimental animals. 

It has been our observation that in rats held for several years after single 
exposure to T'richinella the cysts show various stages of calcification and some 
cysts can be shown to be dead. The only proof that reinfection has taken place 
in man would be the observation of completed cysts, together with invading 
larvae. 


CONCLUSIONS 


These experiments demonstrate that feeding rats 500 larvae of Trichinella 
spiralis which have been irradiated with 30,000 r does not confer a demonstrable 
immunity against a challenging dose of 5,000 larvae a month later. Control rats, 
fed 500 normal larvae, are completely protected. 

It is possible that if pork were commercially irradiated as a means of protecting 
human beings and hogs from infection, whatever acquired immunity has devel- 
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oped in the public and in the hog population by naturally acquired subclinical 
infections gradually would be lost. This may result in more clinical manifesta- 
tions of the disease, in more severe infections in hogs and ultimately the mor- 
tality rate in man may rise to the level experienced in former years. Until a 
specific cure for the disease is discovered, such a procedure might prove haz- 
ardous. 
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THERAPY OF ASCARIASIS WITH PIPERAZINE 
H. W. BROWN 
School of Public Health, College of Physicians and Surgeons, Columbia University 


Fayard (1949) first reported on the treatment of Ascaris lumbricoides infections 
in France with piperazine (diethylenediamine). The active constituent of his 
syrup was piperazine hexahydrate, which is 44.34 per cent piperazine. Adults 
were given 1.5 Gm. piperazine (equivalent to 3.5 Gm. piperazine hexahydrate) 
in the evening and a similar amount the following morning. Fayard reports that 
approximately 2,000 patients were treated by the cooperating physicians, who 
reported that 70 to 95 per cent of their patients passed ascarides, beginning usu- 
ally on the second day of treatment and continuing on the following day. As many 
as 170 ascarides were passed by individual patients and most of the worms were 
alive, although dead worms were also noted. Unfortunately post-treatment stool 
examinations were not routinely done nor were egg counts made, and it is im- 
possible, therefore, to determine the exact cure rate or the over-all worm reduc- 
tion in this extensive series. No side effects from the piperazine were noted. 

Recent studies by Basnuevo ef al. (1953), Brown and Sterman (1954), and 
Brown (1954) and others have demonstrated the marked efficacy of piperazine 
against A. lumbricoides when given from 2 to 14 consecutive days in amounts 
not to exceed 2.0 grams as the hexahydrate. The studies of White and Standen 
(1953) indicate that the toxic effects of piperazine are cumulative and appear 
after repeated doses and especially overdosing. Adults have been given 2.0 to 
3.5 grams daily (piperazine hexahydrate) for 14 days and it was considered safe, 
therefore, to give a maximum dose of 3.5 grams for one or two days for the treat- 
ment of ascariasis. It was hoped that by increasing the size of the dose that a one 
or two day treatment would be as effective as smaller amounts of piperazine 
over longer periods of time. A single dose treatment has obvious advantages in 
public health mass treatment campaigns or in hospital out-patient clinics. If 
treatment on two consecutive days proves much more effective than a single 
dose, then the first day’s treatment can be administered by the physician and an 
additional safe amount can be given to the patient to be taken at home on the 
following day. We, therefore, treated one group of A. lumbricoides infected chil- 
dren with one dose of piperazine and a second group with a single dose on two 
consecutive days, the maximum daily amount given was 3.5 grams. A third 
group of children was given a maximum of 2.0 grams daily for 5 consecutive days. 


METHODS 


A dilution egg count was made on the stool of each patient before treatment. 
Two to three weeks after the completion of therapy, 2 fecal smears were thor- 
oughly examined from each child, and if Ascaris eggs were present, an egg count 
was made by the Stoll technique. 

The piperazine citrate used in this study was supplied as a flavored syrup, 
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TABLE 1 
Dosage schedule 





ae : Total daily dose of piperazine Total daily dose piperazine 
Patient’s weight cheat syrup hexahydrate 





Schedule for one and two day courses of therapy 





lbs. cc 
30-50 20 
51-100 30 

101 and over 35 





Schedule for five day course of therapy 





15-30 5 | 
31-60 10 
61 and over 20 








each cubic centimeter of which contained 100 mg. equivalent of piperazine hexa- 
hydrate. Each dose was carefully measured in a 50 cc. graduate cylinder and 
poured into a paper cup for administration. After the patient had swallowed the 
piperazine syrup an equal amount of water was poured from the graduate cylinder 
into his cup and swallowed, thus insuring that none of the syrup remained in 
the cylinder or cup. The syrup was administered from 8:30 to 10:00 A.M., or 
approximately one and a half to three hours after breakfast. The children given 
the 5 day course of therapy were given the piperazine in divided doses at 
at 8:30 A.M. and 3:30 P.M. No special dietary regime was suggested, there 
was no pretreatment fasting, and no purgatives were employed. The pleasant- 
flavored syrup was readily accepted by the children. Only one of the patients 
complained of side effects from the drug, consisting of nausea and abdominal 
cramps. Many of the children walked considerable distances to and from school 
and none of them interrupted his course of therapy. 


RESULTS 


Forty-six patients were given the one day course of therapy and 34 passed all 
of their worms, giving a cure rate of 74 per cent (Table 2). It will be observed, 
however, that most of the treatment failures occurred in the children weighing 
over 100 lbs. who received 3.5 grams of piperazine hexahydrate. The cure rate 
among this group was only 42 per cent, whereas it was 82 per cent among the 
remainder of the group. The total egg count reduction of the whole group was 
92 per cent. 

The two day course of treatment was very successful, curing 49 out of 53 pa- 
tients, 94 per cent (Table 3). The total egg count reduction of this group was 
99.6 per cent. 

The cure rate of the 36 patients given five days of therapy was 91 per cent 
and the egg count reduction was 93 per cent. 

Examination of egg count data of all three groups indicates that the treatment 








TABLE 2 
One day treatment of Ascaris lumbricoides infections with piperazine syrup 





Grams piperazine Egg count per cc. feces 


Number ve. Wst., Ibs. henaly sate per 





Before treatment | After treatment 





eee 
66. 

7 

44. 
RE 
336 
345. 

125. . 
320 

47 

oe ae 
ee! 


13 ,400 


_ 
o-_ 
- ~< 


SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSES 


go Fv 
ae 


— 


_ 
COONOAMWH AMO CAWANOA&H 
ao 
One COF OOF KEK OOK Oe WW 


— 


SBRRRLSSTESSSES 


— 


49 
104 


_— 


~ 


343... 
347. 
SS 
ee 
48 . 


— 
ry 


~ 


_ 
So 


— 
bo 


~ 


_ 
w 


— 
oo 


_ 
— 
3 


—_ — 
o = 
8x 


— — 
m GW bo 
noe 


_ 
LS) 


ee a. 6 & «@ 


— 
o 


_ 
bt 
w 


DHE Oe RTE SOW Oe Soe 


— 
Hm bo 
— 


_ 
Ww 


~ 


_ 
cs 
a Raid 


— 
—s 

oe om oe oe es es 7) 

SBRESSSRSRAVBSLPALSSSSPSRAIASSES 


— 
— 


_ 
os 
_ 

So 


© 


— 
aes 


— 
a 


— 
Po 


SAE 


_ 
oo 


Mannan nanananannneososoeooooooooooooooooooooooooooscso 











pw 





nes 
i) 
_ 
wo 
on 











Summary: 34 of 46 patients cured, 74% 
Total egg count reduction, 92% 
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TABLE 3 
Two day treatment of Ascaris lumbricoides infections with piperazine syrup 





Grams piperazine} Egg count per cc. feces 
Wat. Ibs. ydrate 
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Summary: 50 of 53 patients cured, 94% 
Total egg count reduction, 99.6% 
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failures were not primarily among the heavily infected patients. Patient number 
379, Table 3, whose pretreatment egg count was 105,800 per ml. of feces, was 
completely cured by a total of 4.0 grams of the drug. 

It appears that the one day treatment is less effective than either the two or 


TABLE 4 
Five day treatment of Ascaris lumbricoides infections with piperazine syrup 





Grams Egg count per cc. feces 
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Summary: 33 of 36 patients cured, 91% 
Total egg count reduction, 93% 
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five day courses of treatment. In general, it appears that the two and five day 
courses are about equally effective. However, in addition to being shorter, the 
two day treatment has the advantage of requiring approximately 50 per cent 
less drug. Since the administration of the drug during the five day treatment was 
twice daily and that of the two day treatment once daily, these two series are 
not entirely comparable. 

To ascertain the effect of food on the efficacy of piperazine against Ascaris, 
21 patients were given the one-dose therapy and the drug was administered be- 
fore breakfast. The cure rate in this group was 71 per cent and the total egg 
count reduction was 95 per cent, which is probably not significantly different 
from the results achieved by a single dose given after breakfast. Apparently the 
presence of food in the digestive tract has little, if any, effect on the activity of 
piperazine against Ascaris. 

Further studies are in progress on the effect of various dosing schedules. Our 
data on the effect of a single dose of piperazine citrate against ascaris confirm, 
in general, those of Goodwin and Standen (1954), who report curing 8 out of 9 
infections with a dose of 3.0 grams and 12 out of 19 with 2.0 grams, an overall cure 
rate of 71 per cent. 


SUMMARY 


The following cure rates were achieved in Ascaris lumbricoides infections with 
piperazine citrate syrup: one day treatment, 74 per cent; two days, 94 per cent. 
A five day course with smaller daily doses but a larger total amount gave a cure 


rate of 91 per cent. A minor toxic side effect, possibly due to the drug, was ob- 
served in only one of 136 patients. 
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A CASE OF HUMAN INTESTINAL MYIASIS CAUSED BY MUSCINA 
STABULANS (FALLEN)! 


GENE R. DeFOLIART anp E. C. PELTON 


Department of Entomology & Parasitology, University of Wyoming and The Medical Group, 
Laramie, Wyoming 


Insofar as is known there is only one previous record of human myiasis in 
North America due to the larvae or maggots of Muscina stabulans (Fallén) 
(Diptera: Muscidae). Banks (1912) mentioned that a considerable number of 
the larvae were passed by a child suffering from diarrhea. M. stabulans has 
been reported several times as causing intestinal myiasis of man in other regions. 
Some of the infestations were accompanied by severe pathogenic effects although 
such effects probably were not due in all cases entirely to the presence of the 
larvae. 

Laboulbéne (1883) reported a case in which a woman suffering from bronchitis 
accompanied by extremely foul breath vomited a large number of nearly mature 
larvae. The larvae pupated and later produced flies. Portchinsky (1913) de- 
scribed a case lasting from November, 1909, to March, 1910, causing great 
pain and sickness, with vomiting during the entire period. From January, 
1910, onward, the patient’s feces contained blood. According to Portchinsky, 
the symptoms may be similar to so-called “false typhus’ due to scratching 
and piercing of the intestinal mucosa by the mouth hooks of the larvae, result- 
ing in loss of blood into the intestine and entrance of toxic products into the 
wounds. Portchinsky cited from among cases in the literature that of a girl 
who suffered stomach pains, frequent loss of appetite and nausea, irritability, 
and finally emaciation during a six-month period. The symptoms ceased after 
the patient had vomited 400 to 500 larvae of M. stabulans. 

Other cases on record include those by Takeda (1920) and Kobayashi (1925) 
in Korea and by Franchini (1927) in Italy. In the latter case the patient had 
complained for two years of diarrhea and pruritus ani. In addition to its im- 
portance in intestinal myiasis of man, M. stabulans has been known to cause 
cutaneous myiasis in a monkey (Carter and Blacklock, 1913), in sheep (Anon. 
1935), and in nestling birds with fatal results (Seguy, 1923). Keilin (1917) 
reviewed the early literature pertaining to the biology of Muscina stabulans 
including its role in myiasis, and James (1947) included adult and larval recog- 
nition characters, geographical distribution, and a brief summary of biology and 
pathogenesis. 


CASE REPORT 
During August, 1954, six mature or nearly mature third-instar larvae pvur- 


portedly passed by a local child were brought to the Department of Entomology 


1 Published with approval of the Director, Wyoming Agricultural Experiment Station as 
Journal Paper No. 56. 
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and Parasitology for identification. They proved to be larvae of Muscina stabu- 
lans, this being subsequently confirmed by Dr. Maurice T. James of The State 
College of Washington. The preserved specimens are now in the collections of 
the Department of Entomology and Parasitology, University of Wyoming, 
and of the Department of Zoology, The State College of Washington. 

The stool containing the larvae was passed by a female child, aged 13 months, 
and the larvae were first noticed by the mother while in the act of changing the 
child’s diaper. A large number of larvae, very much alive, were mixed with the 
stool. No blood was noticed. According to the mother, the child had complained 
of abdominal cramps for one week before appearance of the larvae. Piperazine 
citrate was administered but did not yield additional larvae. 

At the time of the infestation, the child was bottle fed but also was eating 
some table food as well as canned baby food. The family is in a lower income 
bracket but of reasonably sanitary habits. 


DISCUSSION 


As is usual in such cases, the origin of the infestation is not known. The 
female flies of this species are known frequently to enter houses and oviposit on 
foods, especially decaying vegetable matter, and a child of 13 months of age is 
particularly prone to put a great variety of things into its mouth. There seems 
to be little chance that the stool could have become contaminated from an 
outside source. According to the mother, the diaper containing the infested 
stool was not in any way soiled when placed on the child and did not remain 


on for an unreasonable length of time. If the larvae had hatched from eggs 
deposited in the stool, it would have required more than two weeks for them 
to reach maturity. 


SUMMARY 


A case of intestinal myiasis due to larvae of Muscina stabulans (Fallén) was 
observed in a child from Laramie, Wyoming. This is believed to be the second 
reported case from North America. 
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A. W.; D.Se., M.D., MacCallum, F. O.; B.Se., M.D., Stuart-Harris, C. H.; M.D., 
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edition: 100 pp., Geneva, 1955 $1.25. 

Map: World Distribution of Spirochetal Diseases. 2. Relapsing fevers louse-borne and tick- 
borne, by American Geographical Society, Plate 16, Atlas of Diseases. New York. 
American Geographical Society 1955. $1.25 folded, $1.50 flat. 

The Zoonoses in their Relation to Rural Health, by Karl F. Meyer. 49 pp., Berkeley, Cali- 
fornia, University of California Press. 1955. $1.00. 

Laboratory Identification of Pathogenic Fungi Simplified, by Elizabeth L. Hazen, Ph.D., and 
Frank Curtis Reed, 108 pp., Springfield, Illinois, Charles C Thomas. 1955 $5.50. 


BOOK REVIEWS 


Perspectives and Horizons in Microbiology, a Symposium edited by Selman A. Waksman, 
with 16 contributors. 220 pages, illustrated. New Brunswick, New Jersey: Rutgers 
University Press, 1955. Price $3.50. 

In connection with the dedication of the Institute of Microbiology at Rutgers Uni- 
versity, June 7, 1954, a symposium of 13 eminent experts attempted to analyze the present 
and future aspects of microbiology. They succeeded admirably, and the chapters dealing 
with the microbe as a living system (Cornelius B. Van Niel, André Lwoff, Joshua Leder- 
berg and Bernard D. Davis), metabolism of microorganisms (H. A. Barker, Jackson W. 
Foster, Wayne W. Umbreit, Perry Wilson and Durey H. Peterson) and microorganisms and 
higher forms of life (Michael Heidelberger, Frank L. Horsfall, Jr., Harry Eagle and Robert 
L. Starkey) are critical appraisals of present-day knowledge presented in a very readable 
form and well documented by numerous references. For quick orientation in these rapidly 
moving fields, the nonspecialist will receive great satisfaction by reading the entire collec- 
tion of contributions. To the student confronted with problems of tropical medicine the 
chapters ‘‘Some Unsolved Problems in Immunology”’, ‘“The Inhibition of Virus Reproduc- 
tion by Chemical Substances”’ and “Challenging Problems in Antibiotic Research” will 
doubtless be most interesting and informative. The book also contains the addresses de- 
livered at the dedication of the Institute. In his address, the director, Selman A. Waksman, 
outlines his plans and philosophies concerning principles of research and the education of 
scientists. There are words of wisdom for the beginner in microbiology. 

K. F. MEYER 


Animal Agents and Vectors of Human Disease, by Ernest Carroll Faust, M.A., Ph.D., 
The William Vincent Professor of Tropical Diseases and Hygiene, and Head, Division 
of Parasitology, Department of Tropical Medicine and Public Health, The Tulane 
University of Louisiana, New Orleans, Louisiana; Member, Expert Panel on Parasitic 
Diseases, WHO; Member, Committee on Revision U. 8. Pharmacopeia, 1950-1960. 660 
pages, 216 illustrations, 9 plates, 1 in color. Philadelphia: Lea & Febiger, 1955. Price 
$9.75. 

This volume covers the diseases caused by protozoa, helminths, arthropods, fishes, 
reptiles and certain mammals. Arthropods as vectors of disease are discussed in detail. 
There is a section on parasitologic and immunologic diagnostic tests. Useful, well-organized, 
brief tables summarize: 1. the natural history of the more important protozoan and hel- 
minthic parasites of man; 2. pathologic effects and clinical manifestations produced by 
animal agents of disease; 3. diagnostic examination for animal agents of disease; 4. standard 
therapeutic procedures. The text material is well-organized and is supplemented by excel- 
lent drawings and photographs. Unfortunately the illustrations of the malaria parasites 
are in black and white rather than in color. The bibliography is complete, current and 
includes many of the more important contributions. This excellent textbook, written by a 
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master parasitologist, will prove especially valuable to medical students. Physicians, gradu- 
ate students in zoology and parasitology, laboratory technologists, and public health 
workers will also find this volume very useful. 

H. W. Brown, 


Diseases Transmitted from Animals to Man, by Thomas G. Hull, ed., PhD., Secretary, 
Council on Scientific Assembly, Director, Bureau of Exhibits, American Medical Assn., 
with 24 contributors. 4th edition: 717 pp. illustrated. Springfield Illinois: Charles C 
Thomas. 1955. Price $12.50. 

This is a most worthwhile book dealing with diseases transmissible from animals to 
man. The authors of the various chapters are well-known investigators in their particular 
fields, distinguished for their firsthand knowledge concerning the diseases upon which 
they write. The book thus bears an authoritative tone assuring the reader that the in- 
formation it contains is accurate, complete and exhaustive. It should be of interest and 
value to public health and research workers and to both veterinarians and physicians. 
Furthermore, it should appeal to those interested in the natural history of disease and in 
the broader aspects of epidemiology. This fourth edition contains chapters dealing with 
seven diseases not covered in the third edition and most of the other chapters have been 
modernized and brought up-to-date. The summaries concluding each chapter are extremely 
helpful in making it possible rapidly to scan the book for items of interest. By and large, 
Dr. Hull has done a noteworthy job of selecting the diseases for inclusion in this book and 
most of them are of bonafide importance in human medicine. He wisely omitted, in the 
fourth edition, the chapter on foot-and-mouth disease as being of trivial importance to 
man and it appears to this reviewer that he might very well, on the same grounds, have 
omitted the new chapter on vibriosis. The last chapter in the book, a summarizing one, 
paints a somewhat more alarming picture of the part played by animals in the ailments of 
man than does the rest of the book. Actually the reason for this apparent incorsistency lies 
in the fact that, in this chapter, Dr. Hull deals with potential hazards rather than actual 
ones, and, in his various tables, includes diseases that, under the circumstances, are medical 
curiosities rather than phenomena of regular or even occasional occurrence. 

Ricuarp E. SHore 


World Distribution of Leishmaniases. Atlas of Diseases, Plate 14, Department of Medical 
Geography, American Geographical Society. New York, N. Y. 1954. 25 x 38 inches. Price 
$1.25 folded, $1.50 flat. 

This map furnishes comprehensive information on a variety of subjects related to the 
geographical distribution of visceral, cutaneous and muco-cutaneous leishmaniasis. Cen- 
tered above on its face is a Briesemeister elliptical projection of the world, showing (in 
red) different population densities, while the prevailing winds in areas of high frequency of 
these diseases are indicated by green arrows. Below there is an enlargement of the countries 
in which the infections are indigenous, with two degrees of density for each (in black for 
visceral, in red for cutaneous, and in green for muco-cutaneous leishmaniasis). Greater 
enlargements are found for the Middle and Near East, the countries bordering on the 
western Mediterranean, and Peru. Additional data include “spotting” with the letter 
“R”’ of regions where reservoir hosts have been reported, and names of the species of 
Phlebotomus proved or believed to be the vectors are recorded near the sites where they 
have been collected. There are “‘pie’’ diagrams of a number of endemic centers, indicating 
for each month of the year the average rainfall (in inches) and the mean temperature (in 
Farenheit). 

On the back of the sheet are lists of ‘‘Basic Sources” and ‘‘Selected Bibliography by 
Countries’, which constitute documentation for the map and are valuable references for 
students interested in consulting the original data from which the map was compiled. 

Only one item of adverse comment need be noted, namely, in “Explanatory Notes’’ in 
the lower right-hand corner on the front of the map, repeated use is made of the French 





BOOK REVIEWS 959 


Phlebotome (sic) in place of the correct generic name Phlebotomus. Two typographic errors 
have been discovered in the bibliography, ‘‘Bustamente”’ instead of ‘“‘Bustamante”’ under 
‘Basic Sources”’ and ‘‘Andeze’’ instead of ‘‘Anduze’’ under ‘‘Venezuela.”? The American 
Geographical Society deserves high commendation for rroviding students of geographic 
medicine with this comprehensive, authoritative and useful reference map. 

Ernest Carrouu Faust 


La Toxoplasmosi, by Paolo Tolentino and Antonio Bucalossi, of the University of Genoa 
Medical School. 281 pages, 70 illustrations. Il Pensiero Scientifico, Via Salaria 237, 
Rome, Italy. 1954. IL 2,500, about $4.00. 

The authors, who are specialists in infectious diseases and in ophthalmology respectively, 
present an inclusive and up to date review of toxoplasmosis. They discuss in detail the 
biology of the organism, clinical aspects of human infection and disease, immunology, 
pathology, differential diagnosis, diagnostic tests, prognosis, therapy, epidemiology and 
animal hosts. Even to readers only moderately familiar with Italian this review can be 
most useful since it brings together in accessible form the contributions of 500 authors 
from Europe, America and elsewhere. The accuracy of reporting is high and adequate in 
detail, the approach in general quite critical, and the conclusions practical and sensible. 
Mention is also made of observations and of clinical entities ascribed to toxoplasmosis, 
but of doubtful nature. The illustrations are generally adequate. The author index and 
literature cited are very helpful. Readers of Italian should feel fortunate to have available 
such an extensive and discriminating monograph on toxoplasmosis. 

J. K. FRENKEL 


Viral and Rickettsial Diseases of the Skin, Eye and Mucous Membranes of Man, by Harvey 
Blank, M.D., Squibb Institute for Medical Research, Columbia University, University 
of Pennsylvania; and Geoffrey Rake, M.B., B.S., University of Pennsylvania, Wistar 
Institute of Anatomy and Biology, Squibb Institute for Medical Research, with a fore- 
word by Donald M. Pillsbury, M.D., University of Pennsylvania. 285 pages, illustrated, 
with 36 in color. Boston, Toronto: Little, Brown & Company, 1955. Price $8.50. 

Upon inspection of the Table of Contents and upon noting the types of diseases covered, 
the question arises as to the purpose and the need for a book encompassing the field de- 
scribed in the title. In the Foreword, it is pointed out that viral and rickettsial infections 
which involve the skin, the eye, and mucous membranes are common and that ‘‘some of 
them are banal and merely troublesome; others may produce exceedingly chronic and 
disabling destructive effects upon the skin and mucous membranes; and still others pro- 
duce cutaneous lesions which are incidental but important signs of systemic disease’. 
The underlying thread that ties together the diversity of conditions covered in the book 
is, therefore, the emphasis on ocular, dermal and mucous membrane manifestations and 
not on the specialty of the practitioner most likely to see the patient. This unifying 
theme is suggested in the preface, where it is stated that ‘‘there is lacking in the presently 
available literature on viruses and rickettsiae any complete and detailed consideration of 
many of those diseases that affect primarily the covering of the body, the skin and con- 
junctivae or the mucosa of the external orifices. In addition, the cutaneous, mucosal or 
ophthalmic manifestations of many viral and rickettsial diseases are dismissed with little 
attention’’. In the case of the first group of conditions, i.e., those which affect primarily, 
or to a considerable degree, the skin, conjunctivae, or the mucosa, the authors have rendered 
a distinct and valuable service. They have brought together, for example, a remarkable 
amount of data on herpes simplex in an excellent chapter, well written and highly informa- 
tive. A similar excellent compilation has been done with warts, molluscum contagiosum, 
the pox group, etc. However, one questions the desirability of including such diseases, for 
example, as the common cold, herpangina, and rickettsialpox. Even psittacosis which is 
primarily a pneumonic disease, has been included because a rash has been reported on 
occasion in this disease. These diseases, and especially those due to the rickettsiae, are 
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presented as adequately or even more fully elsewhere, which is not only the reviewer’s 
opinion, but is also pointed out by the authors. 

The book is written in an easy style which makes it highly readable; the several sections 
in each chapter are so well integrated that the reader’s trend of thought progresses effort- 
lessly. The many tables and graphs are lucid and to the point. They not only illustrate the 
facts under discussion, but frequently bring together data from several sources, a procedure 
usual in scientific papers but much less commonly encountered in books. The photographs, 
black and white or colored, are, as a whole, superb. 

Of the 14 chapters in the book, 11 deal with viral diseases, 1 with rickettsial diseases, 
1 is devoted to a general exposition of the nature and properties of viruses and 1 to the 
diagnosis of viral and rickettsial diseases. The chapter on the nature of viruses is brief but 
gives a very good outline of the properties of this group of agents, how they multiply, 
propagate, and how they are disseminated. The section devoted to the immunology of viral 
diseases is lucid and terse; the highly factual writing covers the peaks and highlights, but 
many readers would have wished for a more comprehensive exposition of the subject. 

The authors deserve special commendation for the very excellent chapter on diagnosis. 
They tell the practicing physician the types of laboratory tests which are available, the 
type of clinical material which must be obtained for laboratory examination, how it is to 
be taken, and how it is to be handled. Equally important is to know where to send such 
material since, at the present time, there are very few laboratories with the necessary 
facilities for viral diagnostic work. On page 20, the authors give a complete list of labora- 
tories where diagnostic assistance can be obtained, and on page 21 the diagnostic tech- 
niques for viral and rickettsial diseases are tabulated. It would have been helpful had the 
authors listed the procedure of choice in making a laboratory diagnosis, as for example in 
herpangina where isolation of the virus and subsequent identification would appear prefer- 
able to attempting a battery of complement fixation tests for the numerous serologic types. 
Also, electron microscopy is hardly a practical procedure for identifying the etiologic 
agent in vesicular diseases of the skin and mucous membrane. These points, however, do 
not detract from the value of the chapter, which is highly recommended to the clinician. 

A good book, although perhaps expensive—but then, photographs in profusion and so 
well reproduced are not cheap, and color plates are costly. 

Epwin H. LENNETTE 
Virus and Rickettsial Laboratory 
California State Department of Health 


Control of Communicable Diseases in Man, an official report of the American Public Health 
Association. 8th edition, 219 pp. New York: American Public Health Association. 1955. 
Each new edition of the American Public Health Association manual on Control of 

Communicable Diseases in Man is an event in the public health world. The eighth edition 

has been prepared by a committee of fifteen outstanding authorities in the field, with the 

collaboration of the principal American and British health organizations, which designated 
representatives to consult with the committee in order to reach common agreement as to 
facts and opinions. The aim is to provide an informative text for easy reference by public 
health workers, professionals in the medical field, military physicians, and health workers 
stationed in foreign countries. The format and its pocket-size add to its usefulness; it does 
not of course substitute for standard textbooks. While it largely expresses American prac- 
tices and ideas, it has been translated into French, German, Spanish, Portuguese, Serbo- 

Croatian, Japanese, Chinese, Thai, and Finnish, which should give it a wider usefulness. 

A second general purpose is to serve public health administrators as a guide and as a source 

of information in the preparation of regulations and legal requirements for the control of 

communicable diseases. 


L. W. Hacxatr 





Hamilton, Montana 
May 25, 1955 
LETTER TO THE EDITOR 


To the Editor: 

John Ruskin once said: ‘The work of science is to substitute facts for appear- 
ance, and demonstrations for impressions.” It might well be added that ‘when an 
impression has once been given expression, it is frequently quoted long after it 
has been disproved by facts.” 

It seems unfortunate that in an attempt to honor the workers in Panama 
(Minton, Muller, and Cohen, Am. J. Trop. Med. & Hyg., 3: 951-963, 1954), 
honors which they richly deserve, errors have been perpetuated, some of which 
have long since been corrected by the workers who published them. I quote from 
the above article: “Following Darling’s studies which showed the rat to be a 
disseminator of relapsing fever in Panama and the work of Lawrence Dunn on 
the tropical bedbug in relation to its transmission, Bates and St. John in collab- 
oration with Dunn proved by human experimentation that the human tick, 
Ornithodoros talaje, is the transmitting agent of the relapsing fever in Panama 
and produced evidence to show that the relapsing fever spirochete (Borrelia) of 
Panama is a distinct species for which they later suggested the name, Spirochaeta 
neotropicalis.”’ 

The reviewers had read some of the literature but not all of it, which, I admit, 
is a considerable task! I further admit that I have not seen all of the early publi- 
cations, more especially the reports in the Proceedings of the Canal Zone Medical 
Association. 

It is true that in a series of reports (1908-22), Darling repeatedly stated that 
the rat was a disseminator of relapsing fever in Panama, that Ornithodoros talaje 
was the tick vector, and he further used the term Spirochaeta novyi for the spiro- 
chete as, at that time, this was the only named relapsing fever spirochete in the 
Western Hemisphere. It is also true, as stated, that Bates, Dunn, and St. John 
reported that O. talaje was demonstrated to be the transmitting agent of re- 
lapsing fever in Panama by human experimentation, and that later (1922) Bates 
and St. John gave to the spirochete the name “Spirochaeta neotropicalis’’. 

Without going into too much detail, it is obvious that, for the most part, the 
ticks under study were not O. talaje, but O. rudis. Bates, Dunn, and St. John 
(1921) reported the feeding of larvae and after the ticks had molted and developed 
to the first nymphal stage, again feeding them. Darling (1922) stated that the 
larvae were allowed to feed on his arm, that they fed eagerly, and increased 
several times in size. Actually the larvae of O. talaje require several days for en- 
gorgement and ticks of this species do not feed in the first nymphal stage, but 
molt twice following the larval feeding without further feeding. 

Dunn (1927) recognized the error concerning the ticks and stated that through- 
out the report on O. talaje as the vector to man, O. venezuelensis (O. rudis) should 
have been used. O. talaje was used in one experiment, as Dunn (1927) records the 
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two molts following the larval feeding. In one of Dunn’s latest reports (1933), he 
postulated that O. talaje transmits spirochetes from animal to animal but that O. 
venezuelensis must be seriously considered as a vector of the organism from animal 
to man and from man to man. However, it has never been shown that the two 
species of ticks are able to transmit each other’s spirochetes. 

Dunn and Dr. Herbert C. Clark (1933) have well stated that Darling’s pre- 
sumption concerning the rat as a disseminating agent was based mainly on the 
susceptibility of the rat to the disease, the infestation of the rat with O. talaje, and 
the fact that both the rat and the tick may be found in human habitations. 

The name Spirochaeta neotropicalis, reported as given to O. talaje spirochetes, 
was therefore given to O. rudis spirochetes. Meanwhile (1921), Brumpt had 
named the O. rudis spirochete Treponema venezuelense (Borrelia venezuelensis), 
which must hold on the basis of priority. 

These remarks are not intended to minimize the great amount of work which 
has been done in Panama, but only to put the facts straight. I have been working 
on this somewhat complicated problem for many months and hope eventually to 
publish the results. 

Yours very truly, 
Gorpon E. Davis 
Principal Medical Bacteriologist 
Rocky Mountain Laboratory 
Hamilton, Montana. 
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